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Abstract

Background: Triple Negative breast cancer (TNBC) includes a heterogeneous group of tumors with different
clinico-pathological features, molecular alterations and treatment responsivity. Our aim was to evaluate the clinico-
pathological heterogeneity and prognostic significance of TNBC histologic variants, comparing “special types” to
high-grade invasive breast carcinomas of no special type (IBC-NST).

Methods: This study was performed on data obtained from TNBC Database, including pathological features and
clinical records of 1009 TNBCs patients diagnosed between 1994 and 2015 in the four most important Oncology
Units located in different hospitals in Sardinia, Italy. Kaplan-Meier analysis, log-rank test and multivariate Cox
proportional-hazards regression were applied for overall survival (OS) and disease free survival (DFS) according to
TNBC histologic types.

Results: TNBC “special types” showed significant differences for several clinico-pathological features when compared
to IBC-NST. We observed that in apocrine carcinomas as tumor size increased, the number of metastatic lymph
nodes manifestly increased. Adenoid cystic carcinoma showed the smallest tumor size relative to IBC-NST. At five-
year follow-up, OS was 92.1, 100.0, and 94.5% for patients with apocrine, adenoid cystic and medullary carcinoma,
respectively; patients with lobular and metaplastic carcinoma showed the worst OS, with 79.7 and 84.3%,
respectively. At ten-years, patients with adenoid cystic (100.0%) and medullary (94.5%) carcinoma showed a
favourable prognosis, whereas patients with lobular carcinoma showed the worst prognosis (73.8%). TNBC
medullary type was an independent prognostic factor for DFS compared to IBC-NST.
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innovative and personalized treatments.

size, Metastatic lymph node

Conclusions: Our study confirms that an accurate and reliable histopathologic definition of TNBC subtypes has a
significant clinical utility and is effective in the therapeutic decision-making process, with the aim to develop
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Background

Breast cancer (BC) is a heterogeneous disease, which
encompasses various entities showing significant differences
in morphologic and prognostic features, as well as in thera-
peutic options [1]. Recently, a marked molecular heterogen-
eity of breast cancer has also been demonstrated by gene
expression profiling studies, which identified four major BC
“intrinsic” subtypes, including luminal A, luminal B, HER2-
enriched, and basal-like, showing variable biological, clinical
behaviors and response to treatment [2, 3]. So far, invasive
breast cancer has been classified according to histological
features and immunohistochemical expression of estrogen
receptors (ER), progesterone receptors (PR) and HER2
overexpression and/or HER2 gene amplification [4]. Inter-
estingly, BC subtyping by immunohistochemistry (IHC) is
concordant with gene expression profiles, therefore having
significant clinical utility [5, 6].

Particularly, ER/PR/HER2 negative immunostain defines
the Triple Negative subtype, which accounts for 10 -20%
of all invasive breast cancer types. TNBC is most prevalent
in young women, <50vyears of age, showing aggressive
clinical behavior, high histological grade and poor progno-
sis, and is responsible for about 25% of BC-related deaths.
TNBC comprehends tumors with different clinico-
pathological features and genetic-molecular alterations
[7], and it is prevalently histological categorized as IBC-
NST. Other histologic “special types” (HST), such as meta-
plastic, apocrine, lobular and adenoid cystic carcinomas,
are still included among TNBC. These special phenotypes
substantially differ in terms of biological behavior and
clinical course [8]. Among TNBC histotypes, the historical
morphological entity of medullary carcinoma previously
considered as a specific BC special type in the category of
“carcinoma with medullary features”, is no longer identi-
fied as a special type variant and has been recently recon-
sidered as IBC-NST with medullary pattern, rather than a
distinct morphological subtype; moreover, medullary-type
pattern is often associated with variable immunohisto-
chemical expression of basal markers [9].

Recent studies evaluated the outcome of patients with
TNBC special types showing that distinct prognostic
implications derive from these morphologic features,
highlighting that the identification of the special types
has a significant clinical utility, and should be considered
in therapeutic algorithms [10-14].

The aim of this study was to analyze a uniquely large
cohort of TNBC patients enrolled in Sardinia, Italy, in
order to evaluate the clinico-pathological heterogeneity,
taking into account several parameters known for their
prognostic and predictive roles, as well as highlighting the
correlation between tumor size and lymph nodes status
according to TNBC histologic subtypes. The prognostic
significance of histologic special types compared with IBC-
NST triple negative variants was also investigated.

Methods

The study was conducted in accordance with the code of
ethics of the World Medical Association (Declaration of
Helsinki). The protocol was approved by the local research
ethics committee of Sardinia Region (File number 224/CE/
12); according to the Italian legislation on guidelines for the
implementation of retrospective observational studies (G.U.
n. 76, 31/03/2008) it renounced the written informed con-
sent from patients. To protect patient confidentiality, only
coded data without direct patient identifiers were collected.
Information was obtained from retrospectively collected
TNBC Database on all consecutive patients with Triple
Negative breast cancer diagnosis surgically treated in the
four most important Oncology Units located in different
hospitals in Sardinia, from 1994 to 2015, as previously pub-
lished [15]. Specifically, in the present study, a total of 1009
primary TNBC patients were recruited based on further re-
vision and integrations of TNBC patients in our dynamic
TNBC Database. Three experienced pathologists reviewed
all tumors cases independently, and histologic subtyping
has achieved according to current WHO classification [16].

Immunohistochemical analysis

ER, PR, and HER2 immunohistochemical expression
and/or HER2 gene amplification, as defined by silver-
enhanced “in situ” hybridization (SISH), established
TNBC status. The IHC analysis was performed using
specific antibodies against monoclonal rabbit ER anti-
body, Clone SP1 (Neomarker, Fremont, CA USA),
monoclonal mouse PR antibody, Clone PgR 636 (Dako-
Cytomation, Glostrup, Denmark). Moreover, Ki-67 and
androgen receptors (AR), were also evaluated with
monoclonal mouse Ki-67, clone MM1 (Leica Biosystems,
Wetzlar, Germania) and mouse monoclonal AR, clone
2F12, (Novocastra, Dublin, OH, USA), respectively.
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ER, and PR expression were positive if at least 1%
immunostained tumor nuclei were detected in the
sample, according to the American Society of Clinical
Oncology/College of American Pathologists (ASCO/
CAP) recommendations for immunohistochemical test-
ing of hormone receptors in BC [17], whose criteria have
recently been adopted by WHO classification [16].

AR expression was considered positive if at least 1% im-
munostained tumor nuclei were detected in the sample
and categorized using semi-quantitative expression [18].
The Ki67 cut-off <14, 15-30% and > 30% were based on
results obtained in our previous study by Urru et al. 2018
[15]. HER2 protein expression was determined using FDA
approved HercepTest™ K5206 (DakoCytomation) and
evaluated according to the manufacturer’s instructions.
HER?2 gene amplification was ascertained by ultra-View
SISH Detection Kit (Ventana Medical Systems, Tucson,
USA).

Given that the study included patients diagnosed over
almost 20 years in different hospital centers, all surgical
specimens of TNBC patients were reviewed independently
by three experienced pathologists to achieve a consensus
on morphologic criteria and to standardize the results
according to the current guidelines recommendations for
ER, PgR and HER2 immunohistochemistry [17]. Older
cases, mainly from 1994 to 2005, and selected cases with
not concordant morphology were immunostained again
according to the protocol mentioned above.

Patient information

TNBC Database includes personal and medical data col-
lected from medical records of each TNBC patient. Specific-
ally, it includes patients’ information on socio-demographic
factors, anthropometric characteristics, obstetric and gyne-
cologic features, lifestyle habits, family history of breast and
other cancers, and various comorbidities. Moreover, patho-
logic assessments included information on tumor site and
size, histologic type and grade, necrosis, lymphovascular
invasion (LVI), AR and Ki67 expression, lymph node status,
tumor grade, and pathologic TNM staging. Finally, tumor-
infiltrating lymphocytes (TILs) were analyzed according to
Denkert et al. criteria [19] and scored semi-quantitatively in
two categories, low TILs (< 50.0%) and high TILs (> 50.0%),
according to previous experiences [20]. Lymph node ratio
was obtained from the number of metastatic lymph node
divided by the number of lymph node evaluated by patholo-
gist, and was categorized according to validated cut-off
points, ie. < 02, 0.21-0.65, and>0.65 [21]. Finally, all
clinical data of TNBC patients, including cancer treatments
(surgery, radiotherapy and/or chemotherapy), TNBC recur-
rence, occurrence of other neoplasm(s), metastasis or death,
were recorded. The baseline and follow-up data were
defined as previously reported [15].
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Statistical analysis

Overall survival and disease-free survival were the main
endpoints of this study. OS is defined as the time be-
tween the date at diagnosis and the date of death, and
the DFS as the time from the date at diagnosis to the
date of TNBC local recurrence, clinical metastatic dis-
eases, occurrence of other primary cancers, death, or last
follow-up visit, whichever occurred first.

Descriptive overall and subgroup analysis were carried
out and differences in the basic characteristics and clinical
parameters were analyzed using the Student t-test for nor-
mal distributed variables; Chi-Square test or Fisher’s exact
test were used to test differences in frequencies, when ap-
propriated, respectively. A violin plot analysis showed the
distribution of tumor size according to histologic type.
Mann-Whitney U test assessed the differences between
histologic types. To study the relationship between tumor
size (mm) and number of positive lymph nodes in differ-
ent TNBC histological types, Spearman correlation and
linear regression was used. In the linear regression model,
the slope of the regression line indicates the mean increase
in the number of positive nodes per millimeter of increase
in tumor size. A p value for interaction was calculated to
determine whether such effect varied significantly accord-
ing to the histologic type. This analysis was limited to
patients with at least five lymph nodes examined. All tests
were two-sided, and a threshold of p < 0.05 was considered
to identify statistically significant results. No statistical ad-
justment was made for multiple comparisons.

Multivariate hazard ratios (HRs) for recurrence and
mortality, after 10years of follow-up, according to
TNBC histologic types and the corresponding 95% confi-
dence intervals (Cls), were calculated by Cox propor-
tional hazards model, corrected for age, tumor size and
number of positive lymph node. Kaplan-Meier method
and Log-Rank test were utilized to describe DES and OS
according to TNBC histologic types. Statistical analysis
was performed in R packages "survminer" and "survival.
The statistical significance was set-up at < 0.05.

Results
Clinico-pathologic features of TNBC histologic types
One thousand and nine TNBC patients were initially
included in the study. Table 1 shows the pathological
assessments including the overall distribution of TNBC
according to histologic type. Tumors from 745 patients
(78.1%) were classified as IBC-NST, 62 (6.5%) as lobular,
43 (4.5%) as apocrine, 42 (4.4%) as metaplastic, 39 (4.1%)
as medullary; less common were other histologic types
such as mixed IBC-NST and invasive lobular carcinoma
(0.7%), papillary (0.7%), adenoid cystic (0.6%), mucinous
(0.2%) and micropapillary (0.2%) carcinomas.

Tables 2 and 3 outline the anamnestic data of TNBC pa-
tients and tumors characteristics according to histologic
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Table 1 Clinico-pathological features of “Triple Negative" breast Table 1 Clinico-pathological features of “Triple Negative” breast

cancer cancer (Continued)
Variables TNBC n (%)  Variables TNBC n (%)
(n =1009) (n =1009)
n (%) n (%)

Age Metastasis
<35 47 (4.7) MO 812 (95.8))
35-49 263 (26.1) M1 36 (4.2
50-69 503 (49.9) Missing 161
70+ 195 (19.3) TNM stage
Missing 1 | 258 (29.1)

Site [ 413 (46.5)
Right 429 (48.6) Il 182 (20.5)
Left 447 (50.7) v 3539
Bilateral 6 (0.7) Missing 121
Missing 127 Lymph node ratio

Histologic type <02 717 (81.4)
IBC-NST 745 (78.1) 0,21-0,65 103 (11.7)
Lobular 62 (6.5) > 0,65 61 (6.9)
Mucinous 2(0.2) Missing 128
Medullary 39 (4.1) Lymphovascular invasion
Mixed IBC-NST and 7 (0.7) yes 349 (45.0)
invasive lobular o 427 (55.0)
Apocrine 43 (4.5) Missing 933
Papillary 7(0.7) Necrosis
Adenoid cystic 6 (0.6) Present 491 (61.0)
Metaplastic 42 (44) Absent 314 (390)
Micropapillary 2(0.2) Missing 184
Missing 54

Lymphocytic infiltrate
Histologic grade

yes 504 (64.5)
Gl 11 (11 no 278 (35.5)
G2 204 (21.3) Missing 227
G3 744 (77.6) Proliferation index (Ki-67)

Missing >0 <14% 94 (9.9)

Tumor size 15-30% 155 (164)
510 10.1) > 30% 698 (73.7)
pT 379 (408) Missing 62
pT2 441 (47.3) Androgen Receptor
oT3 2263 Positive 125 (243)
oT4 53 (57) Negative 389 (75.7)
Missing 76 Missing 495

Lymph node status Type of surgery

pNO 533 (594) Mastectomy 341 (422)
pN1 214 (23.9) Quadrantectomy 451 (55.5)
pN2 90 (10.0) Lumpectomy 17.20)
PN3 60 67) Missing 200
Missing 112

Adjuvant chemotherapy
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Table 1 Clinico-pathological features of “Triple Negative” breast
cancer (Continued)

Variables TNBC n (%)
(n =1009)
n (%)
yes 580 (57.5)
no 429 (42.5)
Adjuvant radiotherapy
yes 364 (36.1)
no 645 (63.9)
Recurrence
yes 67 (6.6)
no 942 (934)
Contralateral breast cancer
yes 69 (6.8)
no 940 (93.2)

n=number

type. Patients affected by adenoid cystic (16.7%) or medul-
lary (15.4%) carcinomas were frequently younger in age
(< 35years), whereas apocrine carcinoma (41.9%) was
more frequent at >70years. The adenoid cystic tumors
showed lower grade (G1) and low proliferation index
(Ki67 < 14.0%), accounting for 33.3 and 33.3% of samples,
respectively. Metaplastic and medullary types showed
higher grades (G3), namely 91.1 and 89.2%, respectively,
as well as higher proliferation index (Ki67: > 30.0%), with
84.4 and 89.5%, respectively. Lymph node ratio < 0.2 was
reported in adenoid cystic (100.0%), metaplastic (86.4%)
and medullary (91.4%) types; the lobular type showed the
higher lymph node ratio (>0.65), accounting for 20.4%.
LVI was more frequent in lobular (51.6%) and apocrine
carcinomas (50.0%); LVI was also detected in 33.3% of
adenoid cystic and only in 7.4% of medullary carcinomas.
No necrosis, TILs and AR expression were found in ade-
noid cystic carcinomas; the higher percentage of necrosis
was identified in metaplastic carcinoma (83.7%), whereas
the highest proportion of TILs was seen in medullary
tumors (92.3%). As expected, lobular and apocrine types
showed higher expression of AR than other histologic
types.

Supplementary Figure 1 (see Additional file 1) shows
the distribution of tumor size according to TNBC histo-
logic type: using IBC-NST as a reference the adenoid
cystic carcinoma displayed the smallest size (median
size: 14.5mm vs 21 mm for IBC-NST; p = 0.050), with
the distributions of tumor size relatively concentrated
[Interquartile range (IQR): 13.2-18.7 mm)]. Although,
apocrine, lobular and metaplastic carcinomas showed
higher tumor size than IBC-NST, the p value did not
achieve significance. A significant positive correlation
between tumor size and number of metastatic lymph
nodes was identified in apocrine and metaplastic
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carcinomas, with a Spearman correlation coefficient of
0.507, p=0.031 and 0.384, p =0.039, respectively (see
Additional file 1: Supplementary Table 1). Linear regres-
sion model used to analyze the effect of tumor size on
the number of metastatic lymph nodes, showing that the
slope of the regression line for apocrine carcinoma
(slope 0.171 vs 0.006; p = 0.040) was significantly higher
than IBC-NST (see Additional file 1: Supplementary
Figure 2).

Prognostic indicators according to TNBC histologic types
The Kaplan-Meier curves for DFS and OS according to
TNBC histologic type did not show statistically signifi-
cance with p=0.110 and p = 0.340, respectively (Fig. 1).
Although patients with adenoid cystic carcinoma had
the best 1-year DFS (100.0%); conversely, patients with
metaplastic carcinoma showed the worst DFS (89.1%).
At five-years, DFS was similar for patients with lobular
(87.0%), apocrine (86.0%), adenoid cystic (83.3%) and
metaplastic (84.7%) carcinomas, while the patients affected
by medullary carcinoma showed the best DES (97.4%). At
ten-years, patients with medullary carcinoma still showed
the most favorable behavior (97.4% of cases), while pa-
tients with adenoid cystic carcinoma showed the highest
rate of relapse (33.4%) among all types.

Moreover, at 1-year follow-up OS was 100.0% for
patients with adenoid cystic, apocrine and medullary
carcinoma. At five-years, OS was 92.1, 100.0, and 94.5%
for patients with apocrine, adenoid cystic and medullary
carcinoma, respectively; conversely, patients affected by
lobular and metaplastic carcinoma showed the worst
OS, 79.7 and 84.3%, respectively. Finally, at ten-years,
patients with adenoid cystic (100.0%) and medullary
(94.5%) carcinoma had a more favorable prognosis, while
patients with lobular carcinoma showed the worst prog-
nosis (73.8%).

The multivariate analysis revealed that TNBC medul-
lary type showed an independent prognostic factor for
DFS compared to IBC-NST (HR, 0.12; 95% CI 0.01-
0.87; p =0.030). The same pattern was observed for OS,
even though it was not statistically significant (Table 4).

Discussion
The present study investigated the clinico-pathological
features and prognosis of different TNBC histologic
types. The incidence of TNBC histologic variants ana-
lyzed was concordant with other studies [11, 14, 22].
Taking IBC-NST as a reference, our data showed that
patients with lobular and metaplastic carcinoma had
poor survival outcomes at 5- and 10-years follow-up;
patients with adenoid cystic and medullary carcinoma
had excellent prognosis at 5- and 10-years follow-up,
and patients with apocrine carcinoma had good outcome
until 5-years, with similar values to IBC-NST at 10-
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Table 2 Anamnestic data of 1009 patients with “Triple Negative” breast cancer based on histologic subtypes. Sardinia, Italy 1994

2015
IBC-NST Lobular Apocrine Adenoid cystic Metaplastic Medullary Other p value*
(n =744) (n=62) (n=43) (n=6) (n =46) (n =39 (n=27)
n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Age
<35 34 (4.6) 0 (0.0) 2(47) 1(16.7) 3(6.5) 6 (154) 13.7) <0.001
35-49 214 (28.8) 10 (16.1) 123) 1(16.7) 8(17.4) 12 (30.8) 8 (29.6)
50-69 354 (47.6) 36 (58.1) 22 (51.2) 3 (50.0) 26 (56.5) 18 (46.2) 16 (59.3)
70+ 141 (19.0) 16 (25.8) 18 (41.9) 1(16.7) 9 (19.6) 3(7.7) 2(74)
Missing 1
Age at menarche
<13 208 (45.9) 10 (31.3) 11 (379 0 (0.0 9(27.3) 7 (43.8) 4(19.0) 0.036
213 245 (54.1) 22 (68.8) 18 (62.1) 2 (100.0) 24 (72.7) 9 (56.3) 17 (81.0)
Missing 291 30 14 4
Age at menopause
<45 34 (11.8) 3120 2(7.7) 1 (50.0) 1(43) 2(182) 1(7.7) 0519
245 253 (88.2) 22 (88.0) 24 (92.3) 1 (50.0) 22 (95.7) 9(81.8) 12 (92.3)
Missing 457 37 17 3 23 27 14
Menopausal status
yes 210 (47.6) 18 (66.7) 17 (63.0) 1(333) 20 (60.6) 10 (52.6) 12 (54.5) 0.124
post surgical 39 (8.8) 3011 4(14.8) 1(33.3) 2(6.1) 2 (10.5) 1(4.5)
post treatment 2 (0.5) 0 (0.0) 1(3.7) 0 (0.0) 0 (0.0) 1(5.3) 0 (0.0
no 190 (43.1) 6 (22.2) 5(18.5) 1(333) 11 (333) 6 (31.6) 9 (409
Missing 303 35 16 3 13 20 5
Nulliparity
yes 80 (164) 1.0 7 (25.0) 0 (0.0) 7 (194) 4 (25.0) 4 (20.0) 0.280
no 409 (83.6) 31 (96.9) 21 (75.0) 3 (100.0) 29 (80.6) 12 (75.0) 16 (80.0)
Missing 255 30 15 3 10 22 7
Family history of
breast cancer
yes 166 (33.8) 9(23.7) 11 (36.7) 3 (100.0) 13 (37.1) 9 (45.0) 521.7) 0.104
no 325 (66.2) 29 (76.3) 19 (63.3) 0 (0.0) 22 (62.9) 11 (55.0) 18 (78.3)
Missing 253 24 13 3 1 19 4
Family history of
other than breast
cancer
yes 137 (29.1) 14 (38.9) 6 (20.7) 0 (0.0) 8 (25.0) 6 (35.3) 10 (45.5) 0.309
no 333 (70.9) 22 (61.1) 23 (793) 3 (100.0) 24 (75.0) 11 (64.7) 12 (54.5)
Missing 274 26 14 3 14 20 5
Ot.her concomitant
primary cancer
yes 11 (4.5) 1(5.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0 0.870
no 231 (95.5) 19 (95.0) 12 (100.0) 2 (100.0) 19 (100.0) 8 (100.0) 11 (100.0)
Missing 502 42 31 4 27 31 16
Other previous
primary cancer
yes 19 (7.3) 1(5.0) 3 (20.0) 0 (0.0) 0 (0.0) 101.1) 0 (0.0 0361
no 242 (92.7) 19 (95.0) 12 (80.0) 2 (100.0) 19 (100.0) 8 (88.9) 11 (100.0)
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Table 2 Anamnestic data of 1009 patients with “Triple Negative” breast cancer based on histologic subtypes. Sardinia, Italy 1994

2015 (Continued)

IBC-NST Lobular Apocrine Adenoid cystic Metaplastic Medullary Other p value*
(n =744) (n=62) (n=43) (n=6) (n =46) (n =39 (n=27)
n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Missing 483 42 28 4 27 30 16
BMI
< 18 underweight 14 (3.0) 0(00) 0(0.0) 1(333) 0(0.0) 0 (0.0) 2 (10.0) 0.183
18-24.9 normal range 235 (50.8) 15 (46.9) 11 (423) 1(33.3) 18 (54.5) 8 (47.1) 8 (40.0)
25-30 overweight 135 (29.2) 11 (344) 7 (26.9) 1(333) 11 (333) 7 (41.2) 7 (35.0)
> 30 Obese 79 (17.1) 6 (18.8) 8 (30.8) 0(0.0) 4(12.1) 2(11.8) 3(15.0)
Missing 281 30 17 3 13 22 7
Drinking
yes 21 (4.9) 131 0(0.0) 1(333) 0 (0.0) 3(214) 1(4.8) 0.015
no 407 (95.1) 31 (96.9) 22 (100.0) 2 (66.7) 32 (100.0) 11 (786) 20 (95.2)
Missing 316 30 21 3 14 24 6
Smoking
yes 92 (20.2) 5(14.7) 4(16.0) 1(33) 7(21.2) 3(188) 3(13.6) 0.942
no 364 (79.8) 29 (85.3) 21 (84.0) 2 (66.7) 26 (78.8) 13 (81.3) 19 (86.4)
Missing 288 28 18 3 13 22 5

*The p-value are bold where they are less than or equal to the significance level of 0.05

years. Patients with medullary carcinoma had the best
DES: based on the multivariate analysis medullary TNBC
is an independent prognostic factor for DEFS. Specific
clinico-pathological and molecular features could explain
the dissimilarities in the outcome of patients affected by
TNBC with different histologic types.

Our results revealed that patients affected by invasive
lobular carcinoma with triple negative phenotype had a
poorer prognosis (79.7% at 5-years and 73.8% at 10-years)
compared to all other histologic types. Triple negative
invasive lobular carcinomas were mainly solid or mixed
classic and solid variants, with only 3 cases showing
morphologic features of pleomorphic variants. Our results
showed that invasive lobular carcinoma represented a
TNBC morphologic variant with higher lymph node ratio
(> 0.65), higher AR expression and lower TILs component,
than those of other histologic special types. Moreover,
63% of triple negative invasive lobular carcinoma had a
proliferation index (Ki-67) > 15.0%.

Previous studies showed conflicting findings on the
prognosis of lobular carcinoma patients compared to IBC-
NST [23, 24], although prevalent data were obtained by
analyzing ER-positive invasive lobular carcinoma and IBC-
NST. Our results are supported by other authors’ findings,
especially when ER-negative invasive lobular carcinoma
and IBC-NST were compared [14, 25-28].

Recently, molecular analyses of invasive lobular carcin-
omas established that these tumors have a distinct
genomic profile compared to IBC-NST, exhibiting a high
frequency of CDHI mutations, loss of PTEN, activation

of AKT, and mutations in TBX3 and FOXAI [29, 30]. In
addition, different studies found that patients with IBC-
NST derive greater benefit from chemotherapy than pa-
tients diagnosed with invasive lobular carcinoma [31-35].

In the present study, metaplastic carcinoma resulted as
a TNBC morphologic variant with poor prognosis, as
previously described in the literature [12-14]. The 46
metaplastic carcinomas analyzed in this study exhibited
high grade (91.1%), high Ki67 expression (84.4%), and
presence of necrosis (83.7%), which might explain their
poor prognosis. Interestingly, metaplastic breast cancers
were found to express genes involved in epithelial mes-
enchymal transition and cell motility pathways, as
observed in TNBC mesenchymal-like molecular subtype
[36, 37]. The biological behavior of metaplastic carcin-
omas might be related to -Catenin gene mutations and
activation of WNT pathway [36, 38]. Furthermore, meta-
plastic tumors were included in mesenchymal-like
molecular subtype based on their gene expression pro-
file, characterized by PI3K/mTOR pathway aberrations,
downregulation of genes involved in DNA repair and
response to chemotherapy. These genetic deregulations
could be responsible for the resistance to conventional
chemotherapy showed by this histologic subtype [39], in
contrast with the general chemosensitivity of IBC-NST
with Triple Negative phenotype.

In the current study, patients with medullary, apocrine
and adenoid cystic carcinomas had better prognosis
compared to IBC-NST. The classic medullary carcin-
omas analyzed in this study showed significantly high
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Table 3 Clinico-pathological data of 1009 patients with “Triple Negative” breast cancer based on histologic subtypes. Sardinia, Italy

1994-2015
IBC-NST Lobular Apocrine Adenoid cystic Metaplastic Medullary Other p value*
(n =744) (n=62) (n=43) (n=6) (n =46) (n =39 (n=27)
n (%) n (%) n (%) n (%) (%) n (%) n (%)
Site
Right 328 (49.1) 23 (52.2) 15 (44.1) 3 (50.0) 16 (38.1) 17 (48.6) 12 (50.0) 0977
Left 334 (50.0) 21 (47.7) 19 (55.9) 3 (50.0) 26 (61.9) 18 (514) 12 (50.0)
Bilateral 6 (0.9) 0(0.0) 0(0.0) 0 (0.0 0(0.0) 0 (0.0) 0(0.0)
Missing 76 18 9 4 4 3
Histologic grade
GI1 5(0.7) 1(2.0) 2(47) 2(333) 0(0.0) 1(.7) 1(4.0) <0.001
G2 128 (17.8) 25 (50.0) 18 (41.9) 3 (50.0) 4(89) 381 8 (320)
G3 588 (81.6) 24 (48.0) 23 (53.5) 1(16.7) 41 91.1) 33(89.2) 16 (64.0)
Missing 23 12 1 2 2
Tumor size
pTo 1(0.1) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0.110
pT1 285 (39.7) 14 (24.6) 22 (51.2) 5(833) 13 (283) 17 (44.7) 8 (320)
pT2 337 (47.0) 32 (56.1) 17 (39.5) 1(16.7) 22 (47.8) 17 (44.7) 9 (36.0)
pT3 32 (4.5) 7(123) 370 0(0.0) 9 (196) 3(7.9) 4 (16.0)
pT4 43 (6.0) 2 (3.5 1(23) 0 (0.0 2 (43) 1(26) 3(120)
pTx 18 (2.5) 2 (35) 0 (0.0) 0 (0.0 0 (0.0) 0 (0.0 14.0)
Tis 1(0.1) 0(0.0) 0(0.0) 0 (0.0 0(0.0) 0 (0.0) 0 (0.0)
Missing 27 5 1 2
Lymph node status
pNO 395 (56.3) 22 (386) 28 (65.1) 3 (60.0) 30 (65.2) 24 (63.2) 10 (40.0) 0.190
pN1 155 (22.1) 15 (26.3) 7(16.3) 2 (40.0) 11 (23.9) 11 (289) 11 (44.0)
pN2 68 (9.7) 9 (15.8) 5(11.6) 0 (0.0) 4(87) 1(26) 2 (8.0)
pN3 47 (6.7) 7(123) 370 0(0.0) 0(0.0) 1(2.6) 1(4.0)
pNXx 36 (5.1) 4(7.0) 0(0.0) 0 (0.0 12 1(2.6) 1(4.0)
Missing 43 5 1 1 2
Metastasis
MO 649 (87.2) 55 (88.7) 41 (95.3) 5(833) 41 (89.1) 38 (974) 21 (77.8) 0.190
M1 95 (12.8) 7 (113) 2 (47) 1(16.7) 5(109) 1(26) 6 (22.2)
TNM stage
| 188 (28.5) 8 (15.1) 19 (44.2) 3 (50.0) 10 (22.2) 11 (29.7) 5(21.7) 0210
Il 306 (46.4) 27 (50.9) 15 (34.9) 2(333) 24 (53.3) 23 (62.2) 10 (43.5)
11l 137 (20.8) 15 (28.3) 9 (20.9) 1(16.7) 9 (20.0) 2 (54 7 (304)
v 28 (4.2) 3(5.7) 0 (0.0) 0 (0.0 2 (44) 1(.7) 1(43)
Missing 85 9 1 2 4
Lympho node ratio
<02 520 (81.0) 35 (64.8) 36 (85.7) 5(100.0) 38 (86.4) 32 (914) 19 (82.6) 0.019
0.21-0.65 75 (11.7) 8 (14.8) 4(9.5) 0 (0.0 5(114) 3(86) 4(174)
> 065 47 (7.3) 11 (204) 2 (4.8) 0(0.0) 1(23) 0 (0.0) 0 (0.0)
Missing 102 8 1 1 2 4 4
Proliferation index (Ki-67)
<14% 54 (7.6) 20 (37.0) 7(16.3) 2(333) 2 (44) 2(53) 3010 <0.001
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Table 3 Clinico-pathological data of 1009 patients with “Triple Negative” breast cancer based on histologic subtypes. Sardinia, Italy

1994-2015 (Continued)

IBC-NST Lobular Apocrine Adenoid cystic Metaplastic Medullary Other p value*
(n =744) (n=62) (n=43) (n=6) (n =46) (n =39 (n=27)
n (%) n (%) n (%) n (%) (%) n (%) n (%)
15-30% 110 (15.6) 11 (204) 13(30.2) 1(16.7) 5011.1) 2(53) 8 (29.6)
230% 542 (76.8) 23 (426) 23 (53.5) 3 (50.0) 38 (844) 34 (89.5) 16 (59.3)
Missing 38 8 1 1
In situ component
Present 112 (15.1) 232 8 (18.6) 0 (0.0 3 (6.5) 2(5.1) 4(14.8) 0.038
Absent 632 (84.9) 60 (96.8) 35 (814) 6 (100.0) 43 (93.5) 37 (94.9) 23 (85.2)
Lymphovascular invasion
yes 276 (46.0) 16 (51.6) 18 (50.0) 2(333) 18 (42.9) 2(74) 12 (60.0) 0.004
no 324 (54.0) 15 (484) 18 (50.0) 4 (66.7) 24 (57.1) 25 (92.6) 8 (40.0)
Missing 144 31 7 4 12 7
Necrosis
Present 388 (62.7) 13 (37.1) 15 (39.5) 0 (0.0 36 (837) 13 (50.0) 12 (60.0) <0.001
Absent 231 (373) 22 (62.9) 23 (60.5) 6 (100.0) 7 (16.3) 13 (50.0) 8 (40.0)
Missing 125 27 5 3 13 7
Lymphocytic infiltrate
yes 397 (65.2) 11 (36.7) 27 (75.0) 0 (0.0 24 (60.0) 24 (92.3) 13 (65.0) <0.001
no 212 (34.8) 19 (63.3) 9 (25.0) 6 (100.0) 16 (40.0) 2(7.7) 7 (35.0)
Missing 135 32 7 6 13 7
Androgen receptor
Positive 79 (19.6) 10 (76.9) 24 (88.9) 0 (0.0 3097) 1(6.3) 4(33.3) <0.001
Negative 324 (80.4) 3(23.) 3(110) 4 (100.0) 28 (90.3) 15 (93.8) 8 (66.7)
Missing 341 49 16 2 15 23 15
Type of surgery
Mastectomy 244 (40.7) 23 (535) 19 (51.4) 0(0.0) 19 (594) 12 (35.3) 12 (50.0) 0.369
Quadrantectomy 342 (57.0) 20 (46.5) 18 (48.6) 4 (100.0) 21 (65.6) 22 (64.7) 11 (45.8)
Lumpectomy 14 (2.3) 0 (0.0) 0 (0.0) 0 (0.0) 2 (6.3) 0 (0.0) 14.2)
Missing 144 19 6 2 4 5 3
Adjuvant chemotherapy
yes 436 (58.6) 34 (54.8) 25 (58.1) 2(333) 29 (63.0) 22 (564) 19 (70.4) 0.685
no 308 (41.4) 28 (45.2) 18 (41.9) 4 (66.7) 17 (37.0) 17 (43.6) 8 (29.6)
Adjuvant radiotherapy
yes 258 (34.7) 17 274) 20 (46.5) 1(16.7) 19 (41.3) 14 (35.9) 12 (44.4) <0.001
no 468 (65.3) 45 (72.6) 23 (53.5) 5(833) 27 (58.7) 25 (64.1) 15 (55.6)

*The p-value are bold where they are less than or equal to the significance level of 0.05

lymphocytic infiltrate (92.3%) and no lymphovascular
invasion (92.6%), with an overall survival of 94.5% at 10-
years follow-up, regardless of high grade and prolifera-
tion index. Recent studies demonstrated that immune
signaling genes within the immunomodulatory molecular
TNBC subtype substantially overlap with gene signature
of medullary breast cancer [36-40]. The absence of lym-
phovascular invasion might explain the good prognosis of

medullary carcinoma, which might be related to downreg-
ulation of genes associated with cell invasiveness [40, 41].

Furthermore, Denkert et al. described a quantitative
assessment of TILs as a predictor of response to neoad-
juvant chemotherapy [42]. Retrospective analysis of
clinical trials confirmed that TILs levels are predictive of
pathologic complete response and increased disease-free
and overall survival [20, 43].



Sanges et al. BMC Cancer (2020) 20:491 Page 10 of 14

= IBC-NST
~ Adenoid cystic

“+ IBCNST
*+ Adenoid cystic

- Apocrine
~ Lobular

~ Apocrine “+ Medullary =+ Other

™ Lobular

swata = Other Svata

~ Medullary
Metaplastic

histologic types

: =
4 £
$ 2
P g
© 9]
8
a .
p =0.110 p = 0.340
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N° at risk (DFS) 0 2 4 6 8 10 N° at risk (OS) 0 2 4 6 8 10
IBC-NST 743 672 638 628 614 607 IBC-NST 742 635 497 376 280 198
Lobular 62 58 56 54 54 54 Lobular 62 53 46 42 34 32
Apocrine 43 39 38 36 34 32 Apocrine 43 41 34 23 18 13
Adenoid cystic 6 5 5 5 4 4 Adenoid cystic 6 6 4 4 3 1
Metaplastic 46 39 39 39 39 39 Metaplastic 45 33 26 22 21 17
Medullary 39 38 38 38 38 38 Medullary 39 35 26 19 16 14
Other 27 24 23 22 20 20 Other 27 23 20 17 13 12
Proportion free of 1-year 2-year 5-year 10-year Proportion free of 1-year 2-year 5-year 10-year
IBC-NST 95.2 90.0 84.7 81.6 IBC-NST 96.4 91.8 83.9 81.1
(93.7-96.8) (87.9-92.2) (82.2-87.4) (78.9-84.5) (95.1-97.7) (89.8-93.9) (81.1-86.8) (78.1-84.4)
Lobular 96.7 93.5 87.0 87.0 Lobular 96.7 88.5 79.7 73.8
(92.4-100) (87.6-99.8) (79.1-95.8) (79.1-95.8) (92.4-100) (80.9-96.9) (70.1-90.7) (63.2-86.2)
Apocrine 95.3 88.3 86.0 74.4 Apocrine 100 97.6 92.1 80.5
(89.2-100) (79.2-98.4) (76.2-97.0) (62.4-88.6) (93.3-100) (83.7-100) (67.4-96.3)
Adenoid cystic 100 83.3 83.3 66.6 Adenoid cystic 100 100 100 100
(58.2-100) (58.3-100) (37.8-100)
Metaplastic 89.1 84.7 84.7 84.7 Metaplastic 95.5 90.8 84.3 84.3
(80.5-98.5) (75.0-95.8) (75.0-95.8) (75.0-95.8) (89.7-100) (82.5-99.8) (73.2-97.0) (73.2-97.0)
Medullary 97.4 97.4 97.4 97.4 Medullary 100 97.4 94.5 94.5
(92.5-100) (92.5-100) (92.5-100) (92.5-100) (92.4-100) (87.4-100) (87.4-100)
Other 96.2 88.8 81.4 74.0 Other 96.2 96.2 91.1 86.5
(89.4-100) (76.7-100) (68.0-97.5) (59.2-92.5) (89.0-100) (89.0-100) (81.9-100) (73.3-100)

Fig. 1 Kaplan-Meier curves of disease free survival (a) and overall survival (b) of patients affected by “Triple Negative" breast cancer according to

Table 4 Hazard ratios (HRs) of disease-free survival and mortality, and corresponding 95% of confidence intervals (Cls), according to
histologic subtypes, among 1009 “Triple Negative" breast cancer. Sardinia, Italy 1994-2015

Disease-free survival

Univariate analysis

HR (95% Cl)

Multivariate analysis®
HR (95% Cl)

Overall survival

Univariate analysis
HR (95% Cl)

Multivariate analysis®
HR (95% Cl)

IBC-NST
Lobular
Apocrine
Adenoid cystic
Metaplastic
Medullary
Other

1.00°

068 (033-1.39)

140 (0.76-2.60)
85 (0:46-7.50)

085 (0.40-1.83)

0.13 (0.01-0.92)

144 (0.67-3.09)

1.00°

057 (0.26-1.24)
34 (0.71-2.49)

1.20 (0.16-8.69)

075 (0.34-1.64)

0.12 (0.01-0.87)

133 (0.61-2.89)

1.00°

136 (0.79-2.33)
0.77 (064-1.76)
088 (0.39-2.01)
030 (0.07-1.21)
064 (0.20-2.04)

1.00°
1.06 (0.50-2.25)
054 (0.17-1.73)

0.60 (0.18-1.96)
042 (0.10-1.74)
0.17 (0.02-1.28)

Estimates from multivariate proportional hazard regression model adjusted for age, tumor size and number of positive nodes. Estimates in bold are those

significant at the 0.05 level
PReference category
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In addition, recent evidence has shown the prognostic
importance of high TILs in high grade BC such as
medullary carcinoma, usually associated with good prog-
nosis. Recently, the new WHO classification of Breast
Tumors has included carcinoma with medullary features
in the spectrum of TILs-rich IBC-NST, defined as IBC-
NST with medullary pattern, and no longer as a distinct
special subtype [44]. Leon-Ferre et al. evaluated the
prognostic role of TILs in TNBC patients who did not
receive adjuvant chemotherapy, demonstrating that TILs
is an independent prognostic factor in early-stage TNBC.
They speculated that high TILs may represent the acti-
vation of an endogenous antitumor immune response
that occurs even in the absence of immune enhance-
ments triggered by chemotherapy. Specifically, univariate
analysis showed that carcinomas with medullary features
have better outcomes when compared to invasive carcin-
omas of NST, whereas this association was lost once
TILs were included into a multivariate model [45].

Recently, a higher immunohistochemical expression of
PD-L1 known to be associated with immune evasion in
a variety of malignancies, including TNBC, was identi-
fied in breast carcinomas with medullary features, in
which might represent a marker of susceptibility to PD-
1/PD-L1 inhibitor therapies [46].

Our data showed that patients affected by apocrine car-
cinoma had better overall survival compared to IBC-NST
at 5-years follow-up, while the OS was similar for the two
histologic types at 10-years, showing concordance with
results of Takeuchi et al. [47]. Apocrine carcinomas were
intermediate/high grade morphologic variants, with low
lymph node ratio and high lymphocytic infiltrate and AR
expression, and diagnosed at older age (41.9% at > 70 years).
AR signaling pathway activation is a prominent feature for
apocrine lesions of the breast, representing a therapeutic
opportunity by androgen therapies [48]. So far, immuno-
therapies based on immune checkpoint inhibitors have not
been specifically proposed for apocrine carcinomas, due to
the low level or absent expression of PD-L1, in contrast to
BC with triple negative phenotype, which is known to be
variably PD-L1 positive (9-59%) [46, 49]. Our data
highlighted a higher percentage of apocrine carcinomas
with lymphocytic infiltrate (75.0%) than the percentage
showed in IBC-NST (65.2%), suggesting that immunother-
apies based on immune checkpoint inhibitors might be
taken into consideration also for this TNBC special type.

Adenoid cystic carcinoma is a rare variant of breast can-
cer, accounting for less than 1% of all invasive breast can-
cers, which shows basal-like features and triple negative
phenotype, but with a favorable clinical course. Although
in our TNBC Database only six adenoid cystic carcinomas
were available, namely 5 classic type and 1 solid-basaloid
type, they were analyzed as a group according to its speci-
ficity and in accordance with other studies [50]. Patients
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with adenoid cystic carcinoma had an OS of 100% at 10-
years follow-up, with prevalently low/intermediate grade,
low lymph node ratio, absence of necrosis, lymphocytic
infiltrate, and AR expression. Uncommonly, our results
showed that patients with adenoid cystic carcinoma had
the highest rate of relapse (33.4%) among all histologic
types. These results are conflicting and need a thorough
analysis on a large casuistry. Furthermore, five case reports
on patients with breast adenoid cystic carcinoma showing
one or more distant metastasis have been published [51].
Chen et al. using a large number of population-base data
showed that breast adenoid cystic carcinoma has different
pathological features and good clinical course compared to
IBC-NST, but comparing BC Triple Negative phenotype no
differences were shown between the two histologic types as
far as recurrence and mortality are concerned [52]. Patients
with adenoid cystic carcinoma exhibited smaller size and
limited distribution of tumor size than patients with IBC-
NST (p = 0.050), according to the results of Mills et al. [12].
Conversely, Chen et al. did not report any differences
between tumor size in adenoid cystic carcinoma compared
to IBC-NST [47], while Kulkarn et al. found that patients
with adenoid cystic carcinoma had larger median tumor
size than patients with IBC-NST [53].

Genetically, MYB-NFIB fusion gene is a prevalent feature
of adenoid cystic carcinoma. Recently, a whole exome
sequencing performed on 12 adenoid cystic carcinomas
demonstrated that no somatic mutations in TP53, PIK3CA,
RBI, BRCAI or BRCA2 genes were identified in breast ade-
noid cystic carcinomas, unlike what occurs in common-type
triple-negative and basal-like breast cancers. Interestingly,
the mutational status of breast adenoid cystic carcinomas is
more similar to those of salivary gland adenoid cystic carcin-
oma, than in other TNBCs types, emphasizing the import-
ance of TNBC:s histologic subtyping [54].

Considering tumor size and lymph nodes status as signifi-
cant clinico-pathological features in the choice of therapeutic
regimens and in the prognosis of TNBC histologic types, the
correlation between these parameters was analyzed. Tumor
size and number of metastatic lymph nodes showed a posi-
tive correlation in apocrine and metaplastic carcinomas.
Interestingly, by using a linear regression model it was ob-
served that the increase of tumor size correlates with a great
increase of average number of metastatic lymph nodes in
apocrine carcinoma compared to IBC-NST. These data differ
from Zhao et al. results, who demonstrated a positive correl-
ation between tumor size and number of metastatic lymph
nodes in different special types, such as lobular carcinoma
and mixed ductal (NST)-lobular variants [13].

Our study strengthens previous clinical and experi-
mental data in favoring greater integration between
histologic and molecular characterization of these vari-
ants, which should be considered together in the choice
of therapeutic regimens.
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Current clinical data indicate that patients with triple
negative lobular or metaplastic carcinoma are less re-
sponsive to chemotherapy, contrary to patients affected
by other TNBC histologic types, increasing the need to
identify unambiguous molecular targets. Conversely,
patients with TNBC histologic variants as medullary,
apocrine and adenoid cystic carcinomas, both character-
ized by a more favorable prognosis, could be treated
with less aggressive or even without chemotherapeutic
regimens, according to the disease stage. Moreover, new
therapeutic approaches, such as immunotherapy based
on immune checkpoint inhibitors, or androgen-targeting
therapies, should be evaluated in the treatment of TNBC
patients according to histologic “special types”.

The main limitation of this study is represented by in-
herent biases dependent on the retrospective nature of
the design, notwithstanding three pathologists according
to current WHO classification [16] achieved definitive
histologic subtyping of all the cases. Moreover, ER, PgR
and HER2 immunohistochemical results for TNBC sam-
ples according to the ASCO/CAP recommendations
were standardized [17]. Unfortunately, for some patients
important clinical and pathological data were missing
because not originally included in the medical records,
and those missing information might have influenced to
some extent the evaluated associations.

Conclusions

The main conclusion of the present study is that clinico-
pathological features and prognosis of TNBC differ accord-
ing to histologic types. Adenoid cystic carcinoma, apocrine
carcinoma and IBC-NST with medullary pattern, have in
common a favourable prognosis, while invasive lobular
carcinoma and metaplastic carcinoma are the most aggres-
sive subtypes.

Our study confirms that an accurate and reliable histo-
pathologic definition of TNBC subtypes has a significant
clinical utility and is an effective tool during the thera-
peutic decision-making process, with the aim to develop
innovative and personalized treatments.
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1186/512885-020-06998-9.
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