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Basal and triple-negative breast cancer phenotypes are characterised by unfavourable biological behaviour and

outcome. Although certain studies have examined their pathological and molecular profile, the vascular

characteristics of lymphatic and blood vessels have not been examined. Immunohistochemical staining with

podoplanin, CD34 and CD31 was used to examine lymphatic and microvessel density, as well as vascular

invasion in 197 basal-like and in 99 triple-negative breast tumours and compared against 200 non-basal and 334

non-triple-negative cases. All specimens were lymph node negative. Vascular invasion was identified as blood

or lymphatic vascular invasion by the differential expression of markers. All measurements were correlated with

clinicopathological features and prognosis. No significant difference was detected between the basal and triple-

negative groups in terms of lymphatic or microvessel density or vascular invasion. However, both the basal and

the triple-negative groups showed significantly higher microvessel density than did the non-basal and

non-triple-negative groups (P¼ 0.017 and Po0.001, respectively). Unlike microvessel density, no significant

difference was detected in lymphatic density between the basal or triple-negative groups compared with their

respective controls. Interestingly, vascular invasion, almost entirely lymphatic invasion, was detected in 27% of

the basal and in 26% of the triple-negative groups with no significant difference in comparison with control

groups. In both basal and triple negatives, vascular invasion was associated with poorer survival by univariate

and multivariate analyses. The 20-year overall survival rate in basal-like tumours was 55% in vascular invasion-

positive cases compared with 73% in vascular invasion-negative tumours (P¼ 0.012), and 46% in triple-negative

vascular invasion-positive compared with 79% in vascular invasion-negative tumours (P¼ 0.001). Basal-like vs

non-basal-like and triple-negative vs non-triple-negative tumours have similar vascular characteristics in terms

of lymphatic vessel density and vascular invasion but higher microvessel density, suggesting that such groups

may preferentially benefit from anti-angiogenic therapy. Vascular invasion was, in all phenotypes, almost

entirely lymphatic vessel invasion and could stratify basal-like and triple-negative phenotypes into distinct

prognostic groups.
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Breast cancer of the basal-like phenotype has been a
focus of interest in breast cancer research over the
last decade. This phenotype was initially described
in a study by Perou and colleagues in which DNA
microarray technology was used to examine gene
expression patterns in primary breast cancers. Five
groups were found to have distinct molecular,
biological and clinical features. The existence of
such types, namely luminal A, luminal B, ERBB2
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(Her-2)-overexpressing, basal-like and normal-like
types1,2 have also been confirmed using immuno-
histochemical approaches.3

Basal-like breast cancer represents approximately
15–20% of invasive ductal carcinomas and displays
specific molecular, epidemiological, phenotypic,
morphological and mammographic features. It is
characterised by high histological grade, high
growth fraction and distinct genetic alterations.
Such tumours are usually negative for hormone
receptors and ERBB2 and show high expression of
P53, EGFR and KIT. They are more likely to develop
distant metastasis and have a generally poorer
prognosis.4 Their mammographic appearance is also
different from that of non-basal tumours; they are
more likely to manifest as an ill-defined mass
or with comedo calcification, whereas non-basal-
phenotype tumours are more likely to manifest as a
spiculated mass.5 There is no one ‘gold’ standard
definition of basal-like breast cancer. It has been
defined by negativity for ER, PR and HER2, with
positive expression of either basal cytokeratins or
EGFR.6 In a different report, a positive expression
of basal cytokeratins (CK5/6 and/or CK14) was used
to identify the basal-like phenotype regardless of the
expression of other markers.7

The other recently recognised type of breast
cancer are triple-negative tumours, which are char-
acterised by being negative for ER, PR and HER2 and
which account for B16% of breast cancers.7 They
have distinguishable epidemiological8,9 and imaging
features.10 It was initially believed that both Basal-
like and triple-negative phenotypes were synon-
ymous; however, recent results have suggested
that both types may be distinct.11 A comparative
analysis of the clinicopathological characteristics
and the expression of basal markers found that
although triple-negative tumours were significantly
associated with the expression of basal markers,
19% were negative for such markers and 7.3% of
non-triple-negative tumours expressed them, sug-
gesting that the triple-negative phenotype is not an
ideal surrogate marker for basal-like breast cancers.12

Recent studies have shown that each subtype, basal-
like and triple-negative, is heterogeneous and
consists of subgroups.13

Lymph vessels and blood vessels within and
around malignant tumours have been known to
have an important role in disease progression in
many tumour types, including breast cancer. It has
been appreciated for some time that angiogenesis
(the process of formation of new blood vessels) has
an important role in the progression of breast
cancer.14–16 Angiogenesis is commonly measured
by counting blood vessels in tumour sections
stained with one of the vascular markers such as
CD34 or CD31, yielding microvessel density, and
this been found to be associated with features of
unfavourable outcome, such as larger size and poor
differentiation. However, its role as a prognostic
factor in breast cancer was found to be weak.17 Much

less is known regarding lymph vessels and their role
in tumour progression and patient prognosis. The
advent of robust markers that allow a clear delinea-
tion of lymphatic vessels from blood vessels has
allowed lymphatic research to flourish over the last
decade. Tumours with high lymph-vessel density
have been found to be associated with a higher risk
for axillary lymph-node metastasis;18,19 however,
its role in the prognostication of breast cancer is
controversial. In a previous study, from the current
authors, on a mixed group of breast cancers (various
subtypes and a mix of lymph node-positive and
lymph node-negative tumours), high lymph-vessel
density was found to be associated with the
presence of lymph-node metastasis and shorter
overall survival. However, upon multivariate analy-
sis, only tumour grade, lymph-node status and the
presence of vascular invasion, but not lymph-vessel
density, were found to be independent poor prog-
nostic factors.20 The presence of vascular invasion,
as detected by standard H&E methodology, has been
well characterised as an indicator of tumour types
with higher metastatic potential, greater risk of
recurrence and death from the disease,21–23 and has
been used to guide adjuvant systemic therapy for
patients with node-negative breast cancer.24 Vascu-
lar invasion includes both lymphatic vascular
invasion and blood vascular invasion. As mentioned
above, historically, it was difficult to distinguish
between each type of invasion because of the lack
of robust lymphatic-specific markers, but with the
discovery of such markers, lymphatic research has
expanded. Podoplanin (D2-40) expression can be
used to specifically identify lymphatic vessels,25–28

and through its use, it has become possible to
identify and distinguish lymphatic from blood
vascular invasion.29 It has been previously reported
that basal-like breast cancers are more likely to
metastasise to the brain and lung (intra-pulmonary)
and that this may be an indication for preferential
haematogenous spreading.5 Recent results by the
current authors have suggested that breast cancer
cells show an initial preference for lymphatic rather
than for blood vessels.29 Such work was conducted
on a relatively small cohort of 177 patients, and
hence it was not possible to examine whether
different breast cancer subtypes showed different
patterns of vascular invasion. The current study
addresses this by examining vascular invasion
patterns in primary basal-like and triple-negative
phenotypes by studying a large cohort of lymph
node-negative early-stage breast cancers.

The aims of this study were as follows: (1) to
examine the vascular characteristics (lymphatic and
microvessel density) in breast cancers of basal
phenotypes and of triple-negative phenotypes and
to compare these characteristics with non-basal
tumour and non-triple-negative types; (2) to use
immunohistochemical staining methods, with vas-
cular markers, to distinguish between lymphatic
and blood vascular invasion, as well as to examine
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the frequency of each type in both tumour groups;
and (3) to examine the association between lymph-
vessel density, microvessel density and vascular
invasion with clinicopathological characteristics
and patient prognosis.

Materials and methods

Patients and Tissue Samples

Clinicopathological data of early-stage 1000 speci-
mens of primary invasive breast cancer were
retrieved from the Department of Histopathology
(Nottingham University Hospitals, City Hospital
Campus). The basal phenotype was identified as
specimens expressing CK5/6 and/or CK14 as de-
scribed previously.7 Overall, 197 of 1000 (19.7%)
specimens were found of the basal-like phenotype
for which paraffin-embedded archival specimens
were retrieved from the Department of Histopathol-
ogy. A total of 82 patients (42%) were younger than
50 years. In all, 58 (29%) of the specimens were
o1.5 cm. All specimens were lymph node negative.
Overall, 74 (38%) patients had developed a recur-
rence by the time of the last follow-up and 56 (31%)
had died from breast cancer. To compare the
vascular characteristics with non-basal types, 200
consecutive non-basal lymph node-negative primary
invasive breast cancer specimens were identified
and retrieved from the 1000 cohort. This gave 397
specimens for the current study. More details about
the clinicopathological characteristics of the basal
and the non-basal groups are summarised in Table 1.
From the 397 cohort, 99 tumour specimens were of
the triple-negative phenotype (negative ER, negative
PR and negative HER2) and 298 were of the non-
triple-negative phenotype. A total of 44 (44%) of the
triple negatives were from postmenopausal women,
80 (80%) were 41.5 cm in size, 88 (88%) were grade
III and 8 (8%) were grade II. In all, 26 patients died
from the disease, 34 developed a recurrence and 21
(21%) developed distant metastases. This project
was approved by the Nottingham Ethics Committee
2 with 20-year clinical follow-up information avail-
able for analysis. The Nottingham Local Research
Ethics Committee waived the need for written
informed consent.

Immunohistochemistry

For identification of blood vessels and lymph
vessels, representative paraffin-embedded sections
from each specimen were stained with CD34
(Serotec, MCAP547, 1:500 dilution) and with podo-
planin (AngioBio, 11-003, 1:100 dilution), respec-
tively. In 97 sections, there was CD34 reactivity
around tumour cell clusters suggesting the possibi-
lity of blood vascular invasion. This was confirmed,
or otherwise, by staining parallel sections with
CD31 (monoclonal, 0823, DakoCytomation, Denmark,

1:100 dilution). In brief, 4-mm-thick sections were
deparaffinised and rehydrated. Antigen retrieval for
CD31 and CD34 was achieved by incubating sections in
0.01 mol/l sodium citrate buffer (pH 6.0) in an 800-W
microwave for 20 min. Podoplanin did not require
antigen retrieval. After blocking of endogenous
hydrogen peroxidase and non-specific reactions,
sections were incubated for an hour at room tempera-
ture with primary antibodies. Visualisation of staining
was conducted using streptABC kit (StreptABComplex/
HRP Duet, Mouse/Rabbit kit, Dako Corporation,
K0492) according to the manufacturer’s instructions.
Immunohistochemical reactions were developed with
3,30-diaminobenzidine as the chromogenic peroxidase
substrate (Dako Corporation, K3468), counterstained
with Myer’s haematoxylin and mounted.

Assessment of lymph-vessel density and microvessel
density
Lymph-vessel density was assessed in podoplanin-
stained sections as described previously.20 All lymph

Table 1 Clinicopathological characteristics of specimens with
basal phenotype

Basal group
(total no.¼ 197)

Non-basal group
(Total no.¼200)

Age (years)
r50 82 (42) 57 (28)
450 115 (58) 143 (72)

Grade
I 27 (14) 69 (34)
II 30 (15) 71 (36)
III 139 (71) 60 (30)

Recurrence
No 123 (62) 124 (64)
Definite 74 (38) 71 (36)

Menopausal status
Pre 88 (45) 57 (28)
Post 109 (55) 143 (72)

PR
Negative 136 (70) 61 (31)
Positive 52 (26) 112 (57)
Unknown 9 (5) 24 (12)

DM
No 152 (78) 159 (78)
Definite 43 (22) 35 (18)

Size (cm)
r1.5 58 (29) 99 (49)
41.5 139 (71) 97 (51)

ER
Negative 124 (62) 32 (16)
Positive 65 (33) 151 (76)
Unknown 8 (4) 17 (8)

Death
No 124 (69) 139 (69)
Yes 56 (31) 46 (25)

DM, distant metastasis; ER, oestrogen receptor; PR, progesterone receptor.
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vessels in the whole tumour section were counted
using � 100 magnification with a surface area of
3.46 mm2. The sum of lymph vessels was divided
by the sum of the surface area of all counted fields
to adjust lymph-vessel density to variation in
tumour size. The lymph-vessel density was pre-
sented as the number of lymph vessels/mm2.
Microvessel density was assessed in CD34-stained
sections using the Chalkley counting method, at
� 200 magnification, as described previously.20 In
brief, the microvessel density count is the average of
the count of three vascular hot-spot fields using the
Chalkley grid. This method was found to be reliable
and reproducible in the assessment of tumour
angiogenesis.30,31

Assessment of vascular invasion
Parallel CD34- and podoplanin-stained sections
were examined. Where tumour cell clusters were
detected within a CD34-positive structure, a further
parallel section was stained with CD31 for con-
firmation of the vascular nature of the lesion
(97 section). Vascular invasion lesions were cate-

gorised as blood vascular invasion or lymphatic
vascular invasion according to the differential
expression of the three markers. Tumour clusters
within podoplaninþ were identified as lymphatic
vascular invasion regardless of the expression of
CD34 or CD31, the expression of which is variable
in tumoural lymph vessels (Figure 1).32–34 Blood
vascular invasion was identified if tumour cells
were detected within podoplanin-negative and both
CD34- and CD31-positive vessels.

Statistical Analysis

The following four levels of statistics were per-
formed using SPSS for windows, version 17: (1)
Mann–Whitney tests were conducted to compare
the means of lymph-vessel density and microvessel
density (as continuous data) between the basal and
non-basal groups and between the triple-negative
and non-triple-negative groups; (2) specimens were
divided into two categories according to the median
values of lymph-vessel density and microvessel

Figure 1 The upper panel shows parallel sections of a breast cancer specimen stained with podoplanin, CD34 and CD31 showing a
tumour embolus within a podoplanin-positive, CD34-positive and CD31-positive vessel indicating the lymphatic nature of the vessel,
scale bar¼ 50mm. The lower panel shows parallel sections of a breast cancer specimen section stained with podoplanin (showing low
lymphatic vessel density, arrows point at lymph vessels) and CD34 (showing high microvessel density, red arrows point to blood vessels),
scale bar¼100mm. The colour reproduction of this figure is available on the html full text version of the manuscript.
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density. The association between lymph-vessel
density, microvessel density and clinicopathological
criteria was evaluated in univariate analysis using
a 2� 2 table and w2 test. (3) Survival analysis
of disease-free interval and overall survival was
accomplished using the Kaplan–Meier method, and
the statistical significance of differences in the
cumulative survival curves between groups was
evaluated by the long-rank test. Multivariate analy-
sis, using a Cox proportional hazards model,
was conducted using patient age, tumour size,
tumour grade and vascular invasion. All statistical
analyses were two sided with significance defined
as P o0.05.

Results

Vascular Characteristics in Basal vs Non-Basal
Tumour Types and in Triple-Negative vs
Non-Triple-Negative Groups

Basal-like and non-basal-like tumours
Clinicopathological characteristics were compared
between the basal-like and the non-basal-like
groups. Tumours of the basal-like phenotype were
characterised by larger tumour size, high grades and
negativity for ER and PR. The associations between
the clinicopathological characteristics of the
basal-like subtypes, prognosis and difference from
luminal subtypes have been the subject of many
studies and are reported and discussed in detail
elsewhere.3,5,7,35–37

Lymph-vessel density in the total study popula-
tion ranged between 0.00 and 10.57/mm2, with a
mean of 2.2±0.16 and a median of 1.43. The lymph-
vessel density in the basal group was 2.2±0.16
compared with 1.64±0.14 in the non-basal group
with no significant difference (P¼ 0.227). Micro-
vessel density in the total study population ranged
from 1 to 6.7, with a mean of 2.73±0.08 and a
median of 2.7. Microvessel density was significantly
higher in the basal (3.73±0.08) than in the
non-basal group (2.60±0.08) (P¼ 0.017). Vascular
invasion was detected in 53 (27%) of basal-like
specimens and in 21% of non-basal specimens with
no significant difference between the two (P¼ 0.159,
Table 2). In 50 of the 53 basal-like specimens,
invasion was lymphatic vascular invasion, in 2
specimens, the vascular invasion was blood vascu-
lar invasion, and in one specimen, there were both
lymphatic and blood vascular invasion. In non-basal
cases, vascular invasion was detected in 41 of 200
(21%) cases, all of which were lymphatic vascular
invasion with no blood vascular invasion being
detected.

Triple-negative and non-triple-negative tumours
The mean lymph-vessel density in the triple-
negative group was 2.01±0.16 compared with
1.82±0.09 in the triple-negative group, with no
significant difference between the two (P¼ 0.212).

Microvessel density was significantly higher in the
triple-negative group (3.1±0.12) than in the NT
group (2.58±0.06) (P o0.001, Table 3). Vascular
invasion was detected in 26 specimens in the triple-
negative group, 24 were lymphatic vascular invasion
(without blood vascular invasion) and 2 were blood
vascular invasion (without lymphatic vascular
invasion). Vascular invasion was detected in 73 of
334 (22%) specimens in the non-triple-negative
group; 72 of 73 were lymphatic vascular invasion
and 1 of 73 was lymphatic vascular invasion with
associated blood vascular invasion. The frequency
of vascular invasion was higher in the triple-
negative group (26%) than (22%) in the non-triple-
negative group; however, this was not statistically
significant (P¼ 0.359).

Table 2 Vascular characteristics in breast cancers of basal
phenotypes vs non-basal types

Non-basal
tumours (%),
total no. ¼ 200

Basal
tumours (%),
total no. ¼197

P-value

LVD
Low 108 (54) 94 (48)
High 92 (46) 103 (52) 0.226a

MVD
Low 135 (61) 110 (57)
High 65 (39) 87 (43) 0.017a

VI
Negative 159 (79) 144 (73)
Positive 41 (21) 53 (27) 0.159b

LVD, lymph vessel density; MVD, microvessel density; VI, vascular
invasion assessed with vascular markers CD34, CD31 and podoplanin.
a
Mann–Whitney tests.

bw2 Test was used for statistical analysis.
Bold and underlined value indicates statistical significance herein.

Table 3 Vascular characteristics in breast cancers of triple-
negative vs non-triple-negative phenotypes

Triple-negative
tumours (%),
total no.¼ 99

Non-triple-negative
tumours (%),
total no, ¼334

P-value

LVD
Low 46 (47) 179 (54)
High 53 (54) 155 (46) 0.212a

MVD
Low 42 (42) 226 (68)
High 57 (58) 108 (32) o0.001a

VI
Negative 73 (74) 261 (78)
Positive 26 (26) 73 (22) 0.359

LVD, lymph vessel density; MVD, microvessel density; VI, vascular
invasion assessed with vascular markers CD34, CD31 and podoplanin.
a
Mann–Whitney tests were used for statistical analysis.

Bold and underlined value indicates statistical significance herein.
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Lymph-Vessel Density, Microvessel Density and
Vascular Invasion in Basal and Triple-Negative
Phenotypes and their Association with
Clinicopathological Characteristics

Basal-like tumours
Basal specimens were categorised into two groups
according to the median lymph-vessel density
(1.43). There were no significant associations with
tumour size, grade or hormonal status or with any of
the clinicopathological criteria. Specimens were

also categorised into two groups based on the
median microvessel density (2.7), 87 (43%) falling

into the high microvessel-density category. Such
specimens were significantly associated with tu-
mour sizes 41.5 cm (P¼ 0.001), poor differentiation
(high grades) (P o0.001), negative ER (P o0.001)
and negative PR status (P¼ 0.008). No significant
association was detected in relation to recurrence
(P¼ 0.138), distant metastasis (P¼ 0.129) or death
from the disease (P¼ 0.191, Table 4).

The presence of vascular invasion (both lympha-
tic and blood vascular invasion) was significantly
associated with tumour sizes 41.5 cm (P¼ 0.001),
ER-negative specimens (P¼ 0.002), development of
recurrence (P¼ 0.045), distant metastasis (P¼ 0.021)
and death from the disease (P¼ 0.016, Table 5).

A study for correlations between high lymph-vessel
density, high microvessel density and the presence of
vascular invasion was conducted to determine whether
there were any relationships between the three vascular
characteristics in basal-like samples. High lymph-vessel
density was not associated with high microvessel density
(P¼ 0.116), but was significantly associated with the
presence of vascular invasion (Po0.0001). No significant
association was found between high microvessel density
and the presence of vascular invasion (P¼ 0.533).

Triple-negative tumours
The same analysis was repeated with the triple-
negative group, neither lymph-vessel density,

Table 4 Association between the presence of MVD and
clinicopathological characteristics in breast cancers with basal
phenotypes

MVD no. (%)

Low High Total P-value

Age (years)
r50 38 (34) 44 (52) 82
450 74 (66) 41 (48) 115 0.012

Menopausal status
Pre 48 (39) 40 (53) 88
Post 64 (62) 45 (47) 109 0.073

Size (cm)
r1.5 44 (39) 14 (17) 58
41.5 68 (61) 71 (84) 139 0.001

Grade
I 24 (22) 3 (4) 27
II 24 (21) 6 (7) 30
III 63 (45) 76 (89) 139 o0.0001

Recurrence
No 72 (64) 51 (60) 123
Definite 40 (36) 34 (40) 74 0.538

ER
Negative 62 (55) 62 (73) 124
Positive 49 (44) 16 (19) 65 o0.0001

PR
Negative 67 (59) 69 (81) 136
Positive 37 (36) 12 (15) 52 0.003

DM
No 91 (82) 61 (73) 152
Definite 20 (18) 23 (27) 43 0.118

Death
No 77 (74) 47 (62) 124
Yes 27 (26) 29 (38) 56 0.081

Underlined bold figures indicate statistical significance herein.

Table 5 Association between the presence of VI and clinico-
pathological characteristics in breast cancers with basal pheno-
types

Presence of VI no. (%)

Absent Present Total P-value

Age (years)
r50 62 (43) 20 (37) 82
450 83 (50) 32 (63) 115 0.488

Menopausal status
Pre 65 (45) 23 (43) 88
Post 79 (55) 30 (57) 109 0.827

Size (cm)
r1.5 50 (34) 8 (15) 58
41.5 94 (65) 45 (85) 139 0.007

Grade
I 24 (17) 3 (6) 27
II 23 (16) 7 (13) 30
III 96 (67) 43 (81) 139 0.088

Recurrence
No 101 (70) 29 (54) 123
Definite 46 (30) 28 (47) 74 0.045

ER
Negative 87 (60) 37 (70) 124
Positive 52 (36) 13 (24) 65 0.271

PR
Negative 96 (66) 40 (76) 136
Positive 42 (29) 10 (19) 52 0.335
Total 165

DM
No 116 (82) 36 (68) 152
Definite 26 (18) 17 (32) 43 0.021

Death
No 97 (74) 27 (55) 124
Yes 34 (26) 22 (45) 56 0.016

Bold and underlined values indicate statistical significance herein.
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microvessel density nor vascular invasion was
associated with any clinicopathological features,
patient age, tumour size or tumour grade.

Survival Analysis of Lymph-Vessel Density,
Microvessel Density and Vascular Invasion in
Basal-Like and Triple-Negative Groups

Basal-like tumours
High lymph-vessel density, high microvessel den-
sity and the presence of vascular invasion were
analysed with 20-year follow-up data using the
log-rank test and Kaplan–Meier survival curves.
Neither high lymph-vessel density nor high micro-
vessel density was associated with overall
survival (P¼ 0.343 and P¼ 0.133, respectively) or
with disease-free interval (P¼ 0.628 and P¼ 0.181,
respectively).

However, vascular invasion was significantly
associated with reduced overall survival and shorter
disease-free interval (Figure 2). The 20-year overall
survival rate was 55% in specimens having vascular
invasion compared with 73% in specimens negative
for vascular invasion (P¼ 0.012). Similarly, the 20-year
disease-free interval was 25% with the presence
of vascular invasion compared with 49% in the
absence of vascular invasion (P¼ 0.046, Table 6). In
multivariate analysis of vascular invasion for overall
survival, tumour grade (P¼ 0.01) and vascular

invasion (P¼ 0.044) retained significance. Tumour
size and oestrogen receptor status were of borderline
significance (P¼ 0.050 and P¼ 0.055, respectively,
Table 7). Multivariate analysis for disease-free
interval using the same variables showed no
significance.

Triple-negative tumours
The same analyses, as described above, were
conducted on the triple-negative group. Similar to

Figure 2 Survival analysis of vascular invasion (VI), microvessel density (MVD) and lymphatic vessel density (LVD) using Kaplan–Meier
survival curves in the basal group. The presence of VI is significantly associated with shorter OS (P¼0.012) and with shorter disease-free
interval (P¼0.046). MVD and LVD have no significant associations with either disease-free interval or overall survival.

Table 6 Univariate survival analysis of VI, MVD and LVD in
breast cancers with basal phenotypes

With overall survival With disease-free interval

20-Year
overall

survival (%)

w2 P-value 20-Year
disease-free
survival (%)

w2 P-value

VI
Negative 73 6.241 0.012 49 3.990 0.046
Positive 55 25

MVD
Low 70 2.252 0.133 63 1.791 0.181
High 61 54

LVD
Low 72 0.899 0.343 63 0.235 0.628
High 66 59

Bold and underlined values indicate statistical significance herein.
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the basal-like group, neither high lymph-vessel
density nor high microvessel density was associated
with reduced survival (P¼ 0.486 and P¼ 0.865,
respectively) or with reduced disease-free interval
(P¼ 0.668 and P¼ 0.607, respectively). The presence
of vascular invasion was significantly asso-
ciated with overall survival (P o0.001), but not
with disease-free interval (P¼ 0.176, Table 8
and Figure 3). In multivariate analysis, vascular

invasion retained significance (P¼ 0.010), whereas
size and grade did not (P¼ 0.156 and P¼ 0.997,
respectively).

Discussion

Breast cancers with basal-like and triple-negative
phenotypes are recently identified tumour subtypes

Table 7 Multivariate survival analysis of tumour size, grade, VI, ER, PR and HER2 status in relation to overall survival in breast cancers
with basal phenotypes (no.¼ 197)

Variables in the equation B Sig. Exp(B) 95.0% CI for Exp(B)

Lower Upper

Size (r1.5 cm and 41.5 cm) 0.726 0.050 2.068 0.999 4.280
Grade (I, II and III) 0.010
Grade (I) 1.100 0.137 3.003 0.704 12.805
Grade (II) 1.799 0.004 6.042 1.758 20.763
VI (based on vascular markers �ve and +ve) 0.581 0.044 1.787 1.017 3.142
Progesterone receptors status (�ve and +ve) 0.110 0.788 1.116 0.501 2.483
Oestrogen receptors status (�ve and +ve) 1.414 0.055 4.113 0.972 17.409
HER2 0.249
HER2 (1) �0.523 0.287 0.593 0.226 1.554
HER2 (2) �0.094 0.878 0.911 0.275 3.017
HER2 (3) �1.196 0.071 0.302 0.083 1.108

Bold values indicate statistical significance herein.

Figure 3 Survival analysis of vascular invasion (VI), microvessel and lymphatic vessel density using Kaplan–Meier survival curves in the
triple-negative group. The presence of VI is significantly associated with shorter overall survival (P¼0.001) but not with disease-free interval
(P¼0.176). Microvessel and lymphatic vessel density have no significant associations with either disease-free interval or overall survival.
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characterised by aggressive behaviour and poor
prognosis. Tumour lymphatics and blood vessels
are known to have an important role in tumour
progression in many tumour types, including breast
cancer. The aims of this study were to examine
the vascular characteristics, lymph-vessel density,
microvessel density and vascular invasion, both
lymphatic and blood vascular invasion, in basal-like
and in triple-negative phenotypes and to study the
association of these features with the different
clinicopathological criteria and patient prognosis.
Previous work has demonstrated that basal-like
tumours show a specific pattern of distant metas-
tasis with an increased propensity for visceral
metastases to the brain and lung and that they are
less likely to metastasise to the bone and liver,
suggesting that such tumours might also possess a
distinct mechanism of metastatic spread from non-
basal-like tumours.36,37 Therefore, it was of interest
to examine whether these vascular characteristics
differed in basal compared with non-basal tumours
and in triple-negative compared with non-triple-
negative tumours, which may contribute to the
difference in metastatic spread pattern. It was also
of interest to investigate whether this difference,
if present, contributes to biological and clinical
features and, if so, whether they could be used to aid
in the determination of prognosis in these two
tumour subtypes.

Numerous studies have examined the vascular
characteristics of breast cancers; however, no study
has previously examined these characteristics,
including lymphatics, in basal-like or triple-
negative subtypes.

Lymph vessels have, following the characterisa-
tion of specific markers, been a focus of attention
over the last decade.38,39 Similar to previous findings
from studies on breast cancer of mixed pheno-
types,40,41 we found that the majority of lymphatics
in the basal phenotype group were located in the
peritumoral and the peripheral areas with few

tumours having lymphatics within the tumour core.
Breast cancers with high lymph-vessel density
have been found, in some studies, to be associated
with higher risk of lymph-node metastasis and with
tumours with negative hormonal-receptor status.
However, such associations were not found in other
studies.41 The significance of high lymph-vessel
density as a factor indicating poor prognosis is also
controversial. In the study by Kato et al,41 lymph-
vessel density was not associated with overall
survival or disease-free interval. In recent studies,
from the current authors, high lymph-vessel density
was significantly associated with the presence of
lymph-node and distant metastases and hence with
poorer Nottingham prognostic index and tumour
stage. In univariate survival analysis, high lymph-
vessel density was associated with poorer survival,
but this did not retain significance in multivariate
analysis.20 In the current study, high lymph-vessel
density in lymph node-negative basal-like or triple-
negative phenotypes was not associated with any of
the clinicopathological characteristics or with
overall survival or disease-free interval. The differ-
ence in such findings may be due to the fact that
all current specimens were lymph node negative,
whereas those in the previous study were non-
selected cases of both lymph node-negative and
lymph node-positive specimens. It is generally
accepted that lymphatic vessels are a key route for
tumour cell dissemination. It is logical to assume
that the presence of more vessels may increase the
chance of vascular invasion occurring and therefore
influence prognosis. When lymph-vessel density
in the basal-like was compared with that in the
non-basal-like, no difference was found. The same
applies to triple-negative and non-triple-negative
types. Such data suggest that the density of lymph
vessels, itself, may not be of clinical or prognostic
significance in either basal-like or triple-negative
breast cancer.

As mentioned previously, the clinical and prog-
nostic significance of microvessel density has been
examined extensively in breast cancer; however, its
use in practice is still fraught with difficulties
because of the difference in methods of assessment
and the presence of significant inter- and intra-
observer variation.42 Controversy exists regarding
the usefulness of microvessel density as a prognostic
factor.17 Breast cancers with high microvessel
density have, in certain studies, been found to have
significant association with larger tumour size, high
grade, lymph-node metastasis and poor prog-
nosis;16,18,43,44 however, no such association was
detected with pathological criteria or patient survi-
val in other studies.45,46 In the current study,
microvessel density, in both basal-like and triple-
negative phenotypes, was significantly higher than
in non-basal-like and non-triple-negative types. In
basal-like breast cancers, high microvessel density
was significantly associated with larger tumour
size (41.5 cm), high grade, ER negativity and PR

Table 8 Univariate survival analysis of VI, MVD and LVD in
breast cancers with TN phenotypes

With overall
survival

With disease-free
interval

20-Year
overall

survival (%)

w2 P-value 20-Year
disease-free
survival (%)

w2 P-value

VI
Negative 79 10.132 0.001 68 1.831 0.176
Positive 46 58

MVD
Low 68 0.029 0.865 62 0.264 0.607
High 71 66

LVD
Low 74 0.486 0.486 16 0.184 0.668
High 67 17

Bold value indicates statistical significance herein.
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negativity. Previous studies have reported that basal-
like breast cancers are generally characterised by
being of high grade and of large tumour size.4 In the
current study, in 197 basal-like breast cancers, 71%
of the tumours were grade III and 71% were
41.5 cm in size, which may explain the association
between high microvessel density and basal-like
phenotype when compared with non-basal-like
tumours. The same was found with triple-negative
phenotypes in which the triple negative was
associated with high microvessel density when
compared with non-triple negative; however, unlike
the basal-like phenotype, high microvessel density
was not associated with tumour size or grade in
the triple-negative group. The same explanation, as
in basal-like cancers, can be applied here as the
majority of triple-negative cases were of high grade
and of large size. Overall, 88% of tumours in the
current cohort of triple-negative specimens were
grade III and 80% were 41.5 cm. The fact that
high microvessel density was not associated with
clinicopathological characteristics may be due to the
heterogeneous nature of this group. Recently, it was
found that triple-negative breast cancers encompass
a biologically heterogeneous group of tumours with
a proportion of them expressing basal markers.13

From survival analyses, microvessel density was
not associated with either overall survival or
disease-free interval, in basal-like or in triple-
negative tumours. Such data suggest that although
blood vessels are important for tumour growth and
development, they have a little part in the initial
dissemination of cancer. It could be hypothesised
that such groups may preferentially benefit from
anti-angiogenic therapy in terms of primary tumour
response. Lymphatic vascular invasion data would
suggest, however, that there would be little impact
on metastatic dissemination and overall survival.
It is interesting, in this light, to reflect on recent
work that reports anti-angiogenic therapies reducing
primary tumour growth and microvessel density but
accelerating invasion and metastasis.47,48

The current study, as with our and others’
previous findings,20,27,40 shows that blood vascular
and lymphatic characteristics do not correlate, in
either phenotype, in that specimens having
high microvessel density do not necessarily have
high lymph-vessel density and vice versa, suggest-
ing distinct biological regulatory mechanisms.

Vascular invasion, including both lymphatic and
blood vascular invasion, has been generally ac-
cepted, for some time, as a risk factor for develop-
ment of recurrence and death from the disease.
With the development of specific blood and lym-
phatic vascular markers, it has become possible to
identify and distinguish lymphatic and blood
vascular invasion. In a previous study, the current
authors found that, in a cohort of 177 non-selected
cases, vascular invasion in breast cancer was almost
entirely lymphatic vascular invasion;29 such results
are currently being validated using 1000 lymph

node-negative specimens. Basal-like breast cancers
have been reported to show preferable metastatic
dissemination to sites such as the brain and
liver, and less to the bone.5,49,50 These distinctive
metastatic patterns have been interpreted as a
distinctive ability of basal-like breast cancers for
early blood-borne metastasis. It was assumed, from
such observations, that the frequency of blood
vascular invasion would be higher in basal-like
than in the non-basal-like group. Vascular invasion
was detected in 27% of the basal-like tumours
compared with 21% in the non-basal-like group
and was 26% in the triple-negative group compared
with 22% in the non-triple-negative group. In both
basal-like and triple-negative cancers, vascular
invasion was, interestingly, almost entirely invasion
of lymph vessels. Such findings show that both
triple-negative and basal-like breast cancers are no
different, in terms of initial route of dissemination,
from non-basal-like or non-triple-negative types in
that such dissemination occurs through lymph
vessels and not blood vessels. The distinct meta-
static pattern mentioned earlier, to the brain and
lung, may be due to other pathomolecular features
in basal-like breast cancers and, perhaps, due to
other tissue-specific factors in the remote sites
themselves that attract basal-like cancer cells to
extravasate and to grow. The haematogenous spread
of breast cancer cells may occur distal to the primary
tumour.

It was interesting to find that the presence of
vascular invasion stratified patients, in both basal-
like and in triple-negative phenotypes, into separate
prognostic groups. Such findings emphasise the role
of vascular invasion as an independent poor prog-
nostic factor in both tumour phenotypes. Additional
studies are required to explore the pathomolecular
mechanisms that underlie the highly invasive
nature of basal-like breast cancers and the mechan-
isms of the reported haematogenous metastatic
pattern of this subgroup. Such understanding is
essential for the optimal management of patients
with breast cancer and for finding the appropriate
tailored therapy for each patient.

In conclusion, although basal-like and triple-
negative breast cancers have been reported, haema-
togenous patterns of metastatic spread vascular
invasion was, with both groups, almost entirely
invasion of lymph vessels. Results show that both
triple-negative and basal-like cancers are no differ-
ent, in terms of the initial route of dissemination,
from non-basal-like or non-triple-negative types
in that such dissemination occurs through lymph
vessels and not blood vessels. Similarly, lymph
vessel-density in breast cancer with basal or triple-
negative phenotypes was no different from those in
non-basal or non-triple-negative groups. Basal-like
and triple-negative tumours did, however, exhibit
higher microvessel density, a finding that may have
implications for the use of anti-angiogenic therapy,
for local control, in both tumour phenotypes.
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The presence of vascular invasion is an independent
poor prognostic factor for overall survival and can be
used to stratify basal-like and triple-negative phe-
notypes into distinct subgroups.
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