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A B S T R A C T

Purpose: Triple-negative breast cancers (TNBC) have the worst outcome of all breast cancer

subtypes. Nevertheless TNBC are heterogeneous in terms of pathological, biological and

prognostic behaviours. We explored clinical and pathological factors correlated with out-

come in this phenotype.

Methods: We retrospectively studied clinical and pathological factors correlated with prog-

nosis in a series of 344 early TNBC. Staining for blood (CD31) and lymphatic (Podoplanin)

vascular endothelium markers was performed to best characterise peritumoural vascular

invasion (PVI) in 108 cases available for pathological reviewing.

Results: Univariate and multivariate analyses performed on our whole cohort underlined

PVI as an independent predictive factor of distant metastasis (p = 0.00012, HR = 2.72

[1.63–4.52]). Standardised pathological reviewing of 101 histologically confirmed TNBC

showed that PVI, observed in 41% (28% by haematoxylin and eosin staining plus 13% by

immunohistochemistry), was confirmed as the first prognostic factor in TNBC, particularly

in node-negative tumours. Five-year metastasis-free survival in this subset was 87.5% and

50.8% without and with PVI, respectively (p = 0.003).

Conclusions: Vascular invasion diagnosis is improved by the combination of HES and IHC.

Moreover it is a major prognostic feature and must take a greater part in therapeutic man-

agement of early TNBC with the possibility to adapt the adjuvant treatment according to

the predicted relapse risk.

� 2011 Elsevier Ltd. All rights reserved.
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1. Introduction

Breast cancer is the first female cancer worldwide and has an

incidence close to 50,000 cases per year in France.1 Standard

therapy of early stages consists in surgery, adjuvant radiation

therapy and if needed, depending on the prediction of meta-

static risk, in systemic adjuvant treatment including chemo-

therapy, hormone therapy and human epidermal growth

factor receptor 2 (ERBB2) inhibitors. These last two treatments

provide a major advantage for patients with hormone recep-

tors and/or ERBB2-expressing tumour.

Triple-negative breast cancers (TNBC), i.e. cancers with no

expression of oestrogen receptor (ER), progesterone receptor

(PR), and ERBB2 protein, represent 15–20% of all cases.2–5

Women with TNBC cannot receive currently available tumour

cells targeted therapies, hormone therapy or ERBB2 inhibi-

tors. These tumours display some other unfavourable fea-

tures when compared with hormone receptors or ERBB2-

positive tumours. They are described to occur in younger

patients, to have a higher frequency of histological high

grade, high proliferation, central necrosis or acellular zones,

lymphocytic infiltrate, BRCA1 pathway alterations and TP53

mutations than hormone receptors or ERBB2 positive tu-

mours.6–8 Despite the fact that most of them (nearly 85%)

receive chemotherapy and that they are highly chemosensi-

tive4, they present more numerous and earlier relapses.9 Fur-

thermore, metastasis sites are also different with more

visceral metastasis (particularly lung and brain lesions)3,10

that lead to the worst prognosis of all breast cancers (with

equivalent age, tumour size, lymph node involvement) with

a 5-year metastasis-free survival of 60%11 and a 5-year overall

survival of �70%.12,13 Thus a large part of TNBC seems to have

a better outcome. But this prognostic heterogeneity is poorly

understood with currently available tools, and there are few

relevant prognostic factors identified within TNBC.

We present a retrospective study of nearly 350 patients

treated in our institution for TNBC. Our aims were to identify

clinical or histological factors influencing prognosis (metasta-

sis-free survival) in this population in order to improve spe-

cific therapeutic management of TNBC patients that will

lead to a more tailored medicine.

2. Patients and methods

2.1. Patients selection

We collected data from women treated in a tertiary referral

centre (Institut Paoli-Calmettes) between 1995 and 2008. Our

inclusion criteria were patients with first treatment for inva-

sive early breast cancer, without metastasis at diagnosis, with

no expression of oestrogen receptor, progesterone receptor or

ERBB2 identified by immunohistochemistry. Exclusion criteria

were T4 (TNM stage), bilateral disease, and any personal his-

tory of cancer (including in situ breast cancer). Follow-up was

stopped on March 2009.

2.2. TNBC definition

Data were retrospectively extracted from individual clinical

files. Breast cancers were initially considered as TN if the first
pathological examination showed less than 10% of cancer

cells expressing ER and PR and if the ERBB2 expression score

was 0 or 1. This was done because not all the patients treated

at our institution were diagnosed by us and histological sam-

ples could not be available for all patients. Antibodies used

during this period were heterogeneous. ER expression was as-

sessed with three different clones: 1D5, Dako (before 1998),

6F11, Abcam (from 1998 to 2007) or SP1 clone, Dako (from

2007 until December 2008). PR expression was evaluated with

1A6 clone, Abcam (before 1998), and PgR636 clone, Dako

(1998–2008). ERBB2 expression was evaluated with different

clones: TAB250 before 2000, NeuAB3 (France Biochem),

DA485 (Dako) or DA485 and CB11 (Ventana) combination from

2000 to 2003, and Dako Herceptest� from 2003 to 2008.

The second step of our study was focused on histologically

confirmed TNBC. All available formalin-fixed paraffin-embed-

ded (FFPE) samples were reviewed by a single pathologist (JJ)

with homogeneous antibodies currently used in routine prac-

tice and specific to ER (Dako, SP1 clone), PR (Dako, PgR636

clone), and ERBB2 protein (Dako, Herceptest�). As defined

by the 9th St Gallen consensus Conference, the cut-off of 1%

of marked cells was used in this second part. This subset of

patients was named ‘histologically confirmed’ TNBC subset.

2.3. Peritumoural vascular invasion

First vascular invasion evaluation was done by the pathologist

who examined the tumour soon after surgery by haematoxy-

lin and eosin staining (HES). We considered only peritumoural

vascular invasion, and intratumoural emboli were not taken

into account.

For the ‘histologically confirmed’ TNBC cohort, FFPE sam-

ples were examined by a single pathologist (JJ) to confirm vas-

cular invasion by HES according to the European guidelines.14

In order to determine if lymphatic or blood vessels were in-

volved, samples were also stained with Podoplanin antibody

(Dako, D2-40 clone, 1:20 dilution), widely used as a specific

marker for lymphatic endothelial cells and lymphangiogene-

sis15, and with CD31 (or PECAM1) antibody (Dako, JC70A clone,

1:50 dilution), expressed on blood endothelial cells but not on

lymphatic endothelium. Samples were diagnosed as positive

as soon as endothelial staining was observed, whatever the

percentage of marked cells was.

2.4. Statistical analysis

Clinical and histological parameters included in this study

were patients’ age, pathological tumour size, pathological ax-

illary lymph node involvement, histological grade according

to the Scarff Bloom and Richardson (SBR) grading system,

lymphocytic infiltrate and peritumoural vascular invasion.

Follow-up was measured from the date of diagnosis to the

date of last news for living patients. Metastasis-free survival

(MFS) was defined as the time from diagnosis to first distant

metastasis or death.

Correlations between sample groups and histoclinical

variables were calculated with the Fisher’s exact test or v2 test

when appropriate. Comparisons between different popula-

tions were done using the Wald test or Kaplan–Meier method.

Statistical significance of observed differences was evaluated



E U R O P E A N J O U R N A L O F C A N C E R 4 7 ( 2 0 1 1 ) 1 5 3 7 – 1 5 4 5 1539
using the log-rank test. Correlations between usual histo-clin-

ical parameters and outcome were performed using Cox

regression analyses. Only factors associated with survival

with a p-value < 0.15 in univariate analyses were included in

multivariate Cox regression analyses. All tests were two-sided

at the 5% significance level. Analyses were done using SPSS

software (version 16.0).

This prognostic study was performed according to the

REMARK criteria.16

3. Results

3.1. Population description

Of the 3408 patients treated for non metastatic invasive breast

cancer with hormone receptors and ERBB2 status available,

411 (12.1%) were diagnosed with TNBC. Patients with exclu-

sion criteria or without treatment data available were ex-

cluded. Thus, a total of 344 patients were included in our

first analysis (Fig. 1). From this series, only 108 cases under-

went surgery in our institution with paraffin blocks available

for histological reviewing.

All histoclinical and treatment characteristics are resumed

in Table 1 and were close to previously published data. Regard-

ing adjuvant chemotherapy (delivered to 289 patients), it con-

sisted in 6 to 8 cycles of anthracycline-based regimen (213

cases, 61.9%), anthracycline and taxane-based regimen (58

cases, 16.9%), and anthracycline and taxane-free regimen (18

cases, 5.6%). The 5-year OS and MFS for the entire population

were 78% (Fig. 2A) and 75%, (Fig. 2B) respectively. It is of note

that very few events (4 out of 67 in the whole cohort, and none

of the 26 events in the pathologically reviewed subset) oc-

curred after 5 years of follow-up, close to the median follow-

up in our set.

3.2. Prognostic impact of the usual histo-clinical
parameters in the whole cohort

We looked for clinical and histological data associated with

MFS. First, univariate analysis was done on the entire cohort
3408 patients treated for non metastatic i
with ER, PR and H

411 Triple Negative Breast Can

344 TNBC included in clinical an

64 patients with exclusion criteria
-Bilateral disease (3)
-T4 disease (28)
-Previous history of cancer (32)
-No follow-up information (1)

3 pat

108 samples available for pathological
101 histologically confirmed TN

Patie

Fig. 1 – Patients sele
(344 patients) with usual histoclinical parameters. MFS was

influenced by age as a continuous variable (younger the

patients were, earlier they relapsed (p = 0.019)), tumour size

(p < E-04, HR = 3.3, 95%CI [1.9–5.9], Fig. 3A), lymph node

involvement (p = 2E-04, HR = 2.5, 95%CI [1.5–4.1], Fig. 3B) and

presence of PVI (p < E-04, HR = 3.2, 95%CI [2–5.3], Fig. 3C).

The 5-year MFS was 84% for PVI-negative samples versus

54% for positive cases.

In multivariate analysis (data not shown), three parame-

ters were still significant: age (p = 3.4 E-03), tumour size

(p = 1.8 E-04) and presence of PVI (p = 1.0 E-04).
3.3. Hormone receptors and ERBB2 expression reviewing

One hundred and eight FFPE samples were available. Out of

these samples, one hundred and one were confirmed to be

TNBC with a standardised immunohistochemistry reviewing.

The characteristics of this ‘histologically confirmed’ TNBC co-

hort were close to those of the initial 344 TNBC population

(Table 1).

All prognostic analyses described above were applied to

this ‘histologically confirmed’ TNBC subset. Pathological tu-

mour size and PVI were significant in univariate analysis,

but PVI was the only significant prognostic marker in multi-

variate analysis (Table 2).
3.4. Exploration of peritumoural vascular invasion

As PVI was the major prognostic factor in our population, we

decided to best characterise it. The point we focused on was

to identify whether lymphatic or blood vessels were involved

in this invasion. We stained the 101 available FFPE samples

confirmed as TNBC with two antibodies: CD31, specific of

blood vessels, and D2-40 (or Podoplanin), specific of lymphatic

vessels.

Out of the 28 samples with vascular invasion diagnosed by

HES (Fig. 4A), some were positive for D2-40 (10 out of 25 with

both assessment, e.g. 40%; Fig. 4B and C), or for CD31 staining

(41%, Fig. 4D). Among them, two expressed both proteins.
nvasive breast cancer from 1995 to 2008
ER2 status available

cers 2997 nonTNBCs
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ients without chemotherapy informations

reviewing
BCs

nts without FFPE tissue available (236)

ction flowchart.



Table 1 – Histo-clinical features.

Whole population
(n = 344)

Histologically confirmed
TNBC subset (n = 101)

Age Median 53 [27–86] 52 [29–84]
pT 620 mm 157 (49%) 33 (32%)

>20 mm 164 (51%) 68 (68%)
NI 23 0

Histological subtype Ductal 256 (74%) 75 (74%)
Lobular 23 (7%) 6 (6%)
Medullary 28 (8%) 12 (12%)
Metaplastic 13 (4%) 4 (4%)
Other 24 (7%) 4 (4%)

SBR grade 1 27 (8%) 3 (3%)
2 86 (25%) 19 (19%)
3 225 (67%) 78 (78%)
NI 6 1

pN Negative 214 (63%) 65 (65%)
Positive 126 (37%) 35 (35%)
NI 4 1

Peritumoural vascular invasion Negative 235 (71%) 73 (72%)
Positive 94 (29%) 28 (28%)
NI 15 0

Lymphocytic infiltrate Absent to low NI 75 (74.2%)
Moderate to high NI 26 (25.8%)

Surgery Mastectomy 89 (26%) 28 (28%)
BCT 253 (74%) 73 (72%)
NI 2 0

Radiation therapy No 20 (6%) 5 (5%)
yes 320 (94%) 95 (95%)
NI 4 1

Chemotherapy No 54 (16%) 14 (14%)
yes 289 (84%) 86 (85%)
NI 1 1 (1%)

Follow-up (years) Median 4.03 5.5
Events (metastasis or death) 67 (19.5%) 26 (26%)
5-year MFS 75.20% 70.9%
5-year OS 78% 72.8%

BC, triple negative breast cancer; pT, pathological tumour size; NI, not available; SBR, Scarff-Bloom and Richardson; pN, pathological lymph

node involvement; BCT, breast conserving therapy; MFS, metastasis-free survival; OS, overall survival.
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Fig. 2 – Survival curves of our whole TNBC cohort (n = 344). OS: overall survival; MFS: metastasis-free survival.
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Interestingly, this method allowed us to discover small size

emboli that were not described by HES. Finally, 41 samples

(41%), instead of 28 (28%), presented RPVI – revised vascular
invasion – i.e. PVI diagnosed by HES combined with CD31

and/or D2-40 staining. The correlation of RPVI with MFS was

analysed: there was a 3-fold metastatic risk increase for



A
pT≤20mm 
(n=157)

pT>20mm 
(n=164)

pN neg 
(n=214)

pN pos 
(n=126)

B

C
No PVI 
(n=235)

PVI 
(n=94)

p<0.0001,  Log-rank test

p=0.0002,  Log-rank testp<0.0001,  Log-rank test

Months after diagnosis Months after diagnosis

Months after diagnosis

0,0

0,2

0,4

0,6

0,8

1,0

0,0

0,2

0,4

0,6

0,8

1,0

0,0

0,2

0,4

0,6

0,8

1,0

0 24 48 72 9612 36 60 84 108 120 0 24 48 72 9612 36 60 84 108 120

0 24 48 72 9612 36 60 84 108 120

Fig. 3 – Metastasis-free survival curves according to the main parameters influencing metastasis-free survival in the whole

TNBC cohort (n = 344). (A) pathological tumour size; (B) lymph node involvement; (C) peritumoural vascular invasion. pT:

pathological tumour size; pN: pathological lymph node involvement; PVI: peritumoural vascular invasion.

Table 2 – MFS, Cox regression analysis, histologically confirmed TNBC subset (n = 101).

Univariate analysis Multivariate analysis

N HR [95%CI] p-Value N HR [95%CI] p-Value

Age 101 1.01 [0.98–1.04] 0.45
pT (620 mm versus >20 mm) 101 2.9 [1–8.42] 0.05 101 2.39 [0.81–7.06] 0.12
SBR grade (1 versus 2–3) 100 0.047 [0–819] 0.54
pN (pos versus neg) 101 1.71 [0.79–3.69] 0.17
Lymphocytic infiltrate 101 0.52 [0.19–1.52] 0.23
Vascular invasion (pos versus neg) 101 2.79 [1.30–6.03] 0.009 101 2.41 [1.10–5.26] 0.028

MFS, metastasis-free survival; TNBC, triple negative breast cancer; pT, pathological tumour size; SBR, Scarff–Bloom–Richardson; pN,

pathological lymph node involvement; N, number of cases of available data; HR, hazard ratio; CI, confidence interval
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RPVI-positive samples (p = 0.007, HR = 3.05, 95% CI [1.36–6.84],

Wald test); RPVI was the only factor significantly associated

with MFS in multivariate analysis (data not shown).

3.5. Correlation between PVI and lymph node involvement

As vascular invasion has been described as differentially

associated with prognosis in node-positive and in node-neg-

ative tumours, we analysed the correlation between lymph

node (LN) involvement and PVI in our pathologically re-

viewed subset. Vascular invasion (defined by HES) was highly
correlated with LN involvement (74% accuracy): 86% of node-

negative samples were PVI-free; and 53% of node-positive

samples presented PVI (p = 3 E-05, Fisher’s exact test). RPVI,

defined by HES and Podoplanin-CD31 staining, still corre-

lated with LN involvement (65% accuracy, p = 7 E-03, Fisher’s

exact test), but with a weaker ratio. This suggested that

some node-negative tumours had small size peritumoural

vascular emboli not observed by HES. Indeed, out of the 13

tumours positive for Podoplanin and/or CD31 and without

PVI observed by HES, 11 (85%) did not present lymph node

involvement.



Fig. 4 – Different observations of vascular invasion in triple negative breast cancer. (A) Haematoxylin and eosin staining; (B)

Peritumoural blood vessel invasion diagnosed by CD31 staining. Note the normal breast tissue (arrow); (C) Lymphatic

invasion diagnosed in the tumour periphery (arrow) by D2-40 staining; (D) Lymphatic vessel invasion diagnosed far from the

tumour border by D2-40 staining.
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3.6. Does IHC improve prognostic value of peritumoural
vascular invasion?

In the ‘histologically confirmed’ TNBC subset, MFS was corre-

lated with both PVI – defined with HES – (HR = 2.60, 95%CI

[1.19–5.70]) and RPVI – defined with combination of HES and

IHC – (HR = 3.05, 95%CI [1.36–6.84], Wald test).
Fig. 5 – Metastasis-free survival curves according to vascular inva

vascular invasion), (n = 101). (A) pathological lymph node-negativ
In node-negative tumours, MFS was also correlated with

these two parameters: the hazard ratios were 3.71 (95%CI

[1.24–11.09]) and 4.61 (95%CI [1.54–13.76]) for PVI and RPVI,

respectively. Multivariate analysis including both PVI and

RPVI showed that this later was more strongly associated

with MFS in this subset (p = 0.58 for PVI versus p = 0.046 for

RPVI). According to RPVI status, 5-year MFS were 88% and
sion status after HES an IHC reviewing (revised peritumoural

e tumours; (B) pathological lymph node-positive tumours.



E U R O P E A N J O U R N A L O F C A N C E R 4 7 ( 2 0 1 1 ) 1 5 3 7 – 1 5 4 5 1543
51% without and with vascular invasion, respectively

(p = 0.003) (Fig. 5). As well as PVI, RPVI could not predict out-

come in node-positive tumours: 5-year MFS was 71% for neg-

ative samples versus 56% for positive ones (p = 0.41).
4. Discussion

This study is to our knowledge the first to report that PVI is an

independent predictor of metastasis within TNBCs. PVI could

be observed by HES and Podoplanin-CD31 staining in 41% of

subset of 101 histologically confirmed TNBCs. This is more

than the usually described PVI incidence in breast cancers,

which is close to 20–25% after HES examination.17–19 Among

all usual histo-clinical parameters, using a Cox regression

analysis, PVI was an independent prognostic factor for MFS.

Its impact was predominant for node-negative tumours with

a 5-year MFS difference of 37% in this population. These re-

sults are not only consistent with recently published data sug-

gesting that triple-negative phenotype may be correlated with

PVI19, but they also show that PVI is a major factor involved in

TNBC outcome decrease, notably in node-negative tumours.

4.1. The difficulties to predict TNBC prognosis

Fifteen to twenty percent of breast cancers do not express ER,

PR, and ERBB2 protein and are so-called triple-negative breast

cancers. They display the worst prognosis of all breast tu-

mours.9,20 Nevertheless, even in this aggressive phenotype,

outcome is heterogeneous because of pathological and bio-

logical heterogeneities poorly understood with currently used

prognostic markers.5

The only markers currently admitted are molecular and

pathological. Pathological heterogeneity may affect prognosis.

The majority of TNBC are high grade ductal carcinomas dis-

playing poor prognosis; but TNBC also contain medullary21,

and adenoid cystic carcinomas22, known to have a good prog-

nosis despite their TN phenotype. Recent molecular studies

based on gene expression profiling have shown that TNBC out-

come may be decreased in samples (�85% of TNBCs) express-

ing basal markers such as CK5/6, c-kit and EGFR.13,23–25

Immune response genes under-expression may also be corre-

lated with poor prognosis in ER-negative tumours, as well as

androgen receptor and steroid responsive genes.26–28 All these

recent data derive from molecular analyses and are still lim-

ited to the research area without direct clinical application.

Therefore only few studies have explored TNBC outcome with

a single histoclinical approach using currently available mod-

ern tools. The present work has been performed in order to ex-

plore, in a large cohort of TNBCs, correlation between

histoclinical parameters and patients outcome.

4.2. Vascular invasion is an independent prognostic factor
in TNBC

Vascular invasion has been described to be a predictor of

breast cancer outcome for decades. Bettelheim et al29 discov-

ered that it distinguished two groups of non-metastatic (stage

I to III) breast cancer with a significant difference in DFS even

when adjusted for tumour size and axillary status. Neville
et al30 showed in the Ludwig trial V that the presence of vas-

cular emboli was a significant prognostic factor but could not

predict response to chemotherapy in 1275 node-negative

breast cancer patients. Lee et al31 assessed lymphovascular

invasion in 2760 node-negative breast cancers. They showed

that vascular invasion was observed in 19% of tumours and

was predictive of overall survival on multivariate analysis.

Mohammed et al32 recently reported in a series of 1005 lymph

node-negative breast cancers that 22% presented VI, with 97%

and 3% of lymphovascular and blood vascular invasion,

respectively. VI was independently associated with both de-

creased disease-free interval and overall survival. All these

studies introduced the influence of PVI in breast cancer of

all phenotypes. However, to our knowledge, no study focused

on vascular peritumoural invasion and TNBCs outcome has

been published to date. We report here that four histo-clinical

factors can predict TNBCs MFS in univariate analysis in our

entire cohort (344 patients): age, pathological tumour size,

lymph node involvement and PVI. PVI is an independent

prognostic factor in multivariate analysis with a nearly 3-fold

metastasis risk enhancement.

4.3. IHC improves PVI diagnosis and prognostic value,
notably in node-negative tumours

It is of note that most of the published studies have focused

on vascular invasion prognostic value in node-negative breast

cancers.20,33 Indeed PVI may be a putative early predictor of

lymph node involvement or distant metastasis. Recent obser-

vations34 showed, in a cohort of node-negative breast cancers

including 20% of hormone receptors-negative tumours, that

Podoplanin could identify some HES-negative vascular emboli

and improved vascular invasion prognostic significance. We

also show in this study, with Podoplanin and CD31 stainings,

that PVI do not predominantly occur in a specific vessel type.

Podoplanin and CD31 stainings improve vascular invasion

diagnosis with a 13% enhancement (41% versus 28%), and im-

prove prognostic capacity of vascular invasion in node-nega-

tive tumours. Both HES and HES-IHC combined methods

show significant prognostic values for PVI (HR = 2.60 and

3.05, respectively). Moreover, in multivariate analysis includ-

ing both parameters, the combination of HES and IHC, and

not HES alone, remains significant. The combined method

thus improves prognostic value of vascular invasion.

PVI is correlated with lymph node status in our histologi-

cally confirmed TNBC subset (p = 3 E-05, Fisher exact test).

Nevertheless, lymph node involvement was an independent

prognostic factor neither in our entire cohort, nor in our path-

ologically reviewed subset. Thus PVI assessment may give us

new information on disease evolution. In node-negative tu-

mours, RPVI-positive samples had a worst outcome compared

to RPVI-negative ones (5-year MFS: 51% versus 88%). Prognosis

of lymph node-negative/RPVI-positive cancers (51% 5-year

MFS) was even poorer than those of lymph node-positive tu-

mours (63% 5-year MFS). Vascular emboli thus do not seem to

be a predictor or a reflection of lymph node involvement but

had a real independent prognosis impact. It is consistent with

the fact that TNBC need an angiogenesis enhancement to

support their rapid growth and early metastatic behaviour

and have been found to express high levels of VEGF.35
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An important bias of such a study may be the lack of cen-

tral reviewing, which could be associated with mistakes due

to antibodies, platform and inter-observer variability. We tried

to avoid this issue in the ‘histologically confirmed TNBC sub-

set’ by realising our stainings using the same platform and

the same antibodies. Samples were also examined by the

same pathologist to avoid inter-observer variability. However,

the absence of double pathological reviewing may have led to

uncorrected mistakes, even if a standardised method was

used. It is also of note that there is caution for the whole ser-

ies because our results have been validated only in the 101

samples from the reviewed subset. However, prognostic re-

sults in the whole cohort were similar to those of this ’histo-

logically confirmed’ TNBC subset.

In conclusion, this is the first study which reports vascular

invasion as an histo-clinical parameter independently corre-

lated with outcome inside this phenotype. Peritumoural vas-

cular invasion (PVI) is not included in current prognostic tools

daily used by clinicians such as ‘Adjuvant on line’ and the

Saint–Gallen consensus criteria. Thus its impact on therapeu-

tic decision is weaker than other parameters such as patients’

age, tumour size, lymph node involvement, hormone recep-

tors and ERBB2 expression. We have shown in this study that

it better predicts distant relapses than lymph node involve-

ment, usually considered as one of the more accurate prog-

nostic factors in breast cancer.36,37 Better appraisal of PVI

improved by combination of HES with CD31 and D2-40 stain-

ings, may enhance prognostic prediction and therapeutic

management of TNBC patients. On one hand, treatment

and/or follow-up increase may be warranted for patients with

the worst prognosis38, as well as development of new thera-

peutics such as Poly (ADP)-ribose Polymerase inhibitors or

antiangiogenic agents.39–41 On the other hand, adjuvant treat-

ment decrease deserves to be assessed for the patients with

the best prognosis.
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