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Isabelle de Mascarel1, Gaëtan MacGrogan1, Marc Debled2, Ghislaine Sierankowski1,
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Peritumoral emboli assessed on hematoxylin–eosin-stained slides are taken into account for treatment of
patients with operable breast cancer. We assessed whether immunostaining with D2-40 improves the
prognostic significance of emboli in a group of tumors with a large immunohistochemical sampling and a long-
term follow-up. Topography, number, and extension of hematoxylin–eosin and D2-40 emboli were compared in
94 node-negative breast cancers (median number of immunostained slides per tumor: 3). Metastatasis-free
survival of patients with or without hematoxylin–eosin and/or D2-40 emboli were evaluated (median follow-up of
178 months). Hematoxylin–eosin emboli were detected in 14 (15%) tumors and were located at distance from the
tumor. D2-40 emboli were detected in 39 (41%) tumors and was often multiple (n¼ 30), extensive (n¼ 23),
located within (n¼ 13), close to (n¼ 10) or at distance from the tumor (n¼ 16). The 12 distant hematoxylin–eosin
and D2-40 emboli were located in the same vessels (seven missed at the first hematoxylin–eosin examination
and secondarily diagnosed by D2-40 staining). A difference in metastasis-free survival was found only between
patients with no D2-40 emboli and those with distant D2-40 emboli (P¼ 0.02). D2-40 emboli located within or
close to the tumor had no prognostic value. Comparing the metastasis-free survival of patients with or without
hematoxylin–eosin emboli, the prognostically unfavorable significance of hematoxylin–eosin emboli was
improved when taking into account the seven patients with missed emboli at the first examination and
secondarily diagnosed by D2-40 staining (P¼ 0.006 vs 0.003). To conclude, D2-40 increases the diagnostic
sensitivity of emboli in breast carcinoma and the high incidence of D2-40 emboli might be related to the number
of immunostained slides per case. Nevertheless, only distant D2-40þ emboli had a prognostic impact. In
practice, D2-40 might be useful to detect missed hematoxylin–eosin emboli especially in cases without any
other prognostically unfavorable criterion.
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The first long-term follow-up studies of node-negative
breast cancer that analyzed the prognostic signifi-
cance of lymphovascular invasion were published in
1977 by Rosen and co-workers1–3 Lymphovascular
invasion in primary operable breast carcinoma is an
essential independent prognostic factor of distant
metastasis-free and overall survivals and is taken into
account in decisions on adjuvant treatment.4–7 In
routine practice, the identification of lymphovascular
invasion is subject to interobserver variability. Never-
theless, definite peritumoral lymphovascular inva-

sion in the breast surrounding invasive carcinoma,
without distinguishing blood vessels and lymphatics,
was found with the same incidence by two teams in
19% of 1320 and 2760 node-negative patients,
respectively.4,5 Kahn et al observed that D2-40, a
new monoclonal antibody to an Mr 40000 O-linked
sialoglycoprotein, was a sensitive and specific marker
of lymphatic endothelium.8,9 D2-40 has mainly been
applied as a marker for diagnosing a subset of
vascular lesions including Kaposi’s sarcoma.10,11

D2-40 has also been applied for increasing the
detection accuracy of lymphatic invasion in breast
carcinomas and melanoma.12,13 Moreover, Arnaout-
Alkarian et al12 found that lymphatic invasion
identified by D2-40 in patients with node-negative
breast carcinomas was prognostically significant. The
aim of our study was to compare the diagnostic and
prognostic value of lymphovascular invasion detected
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on tumor specimens by hematoxylin–eosin and D2-40
in a group of node-negative breast carcinomas.

Materials and methods

Patients

Between 1989 and 1992, 937 patients with primary
operable invasive breast carcinoma were operated
and monitored at our institution. All these patients
had been prospectively included by senior pathol-
ogists (IM, GMG, IS, JMC) in our clinical, biological
and histological database (65 pathological items for
noncancerous lesions and 181 for cancers), and a
prognostic tissue microarray block was built
(GMG).14 A small subset of 100 lymph node-negative
patients was randomly selected, corresponding to
approximately 10% of the 937 patients. Ninety-four
patients were included in this study (blocks not
available in six cases). All the patients were treated
surgically by either modified radical mastectomy (68
cases) or local tumor resection (26 cases) with
axillary node dissection. Postoperative breast irra-
diation was performed in 69 cases. Adjuvant
therapy with chemotherapy and/or hormone ther-
apy was decided according to nodal status and
hormone receptor determination results.15,16 All
patients were followed-up every 3 months for
2 years, twice a year for the next year and then once
a year. The median follow-up was 178 months
(CI 95%: 174–183). During this period 13 patients
presented distant metastases with or without loco-
regional recurrences.

Tissue Samples and Histological Examination

After fixation in Holland-Bouin, the tumor was
macroscopically sectioned into three slices. Each slice

was put in as many separate cassettes as necessary
and paraffin embedded. The median of blocks
per patients was 3 (1–17). In total, 3 blocks per
tumor were obtained in 68 cases (72%) and 4–17
blocks in 14 cases. Each block was examined
on one hematoxylin–eosin section/slide. Original
hematoxylin–eosin slides of the tumor were not
reviewed. The diameter of the tumor (histological
size) was measured on fresh specimens and on
hematoxylin–eosin slides. The largest diameter was
taken into account. A modified SBR-grading system
grade was used.17

Immunohistochemical Assay

For the study, each tumor block from the 94 patients
was recut into 4 mm sections mounted on Super-
Frosts slides, and one slide per block was
stained with D2-40. Thus, 324 D2-40-stained
slides were analyzed. Antigen retrieval was
obtained by heating tissue sections, immersed in
a 0.01M citrate buffer, in a pH9 solution (Dakos

S2367), in a pressure cooker for 20min. The sections
were then incubated for 60min with D2-40 (Dakos,
dilution 1/50). A labeled streptavidin–biotin–peroxi-
dase method (LSAB kit K5001, DakoCytomations,
France) was used to visualize the immunoreactions
with diaminobenzidine as a chromogen. Immunohis-
tochemical stainings were analyzed by one pathologist
(IM) blind to whether the case was hematoxylin–eosin
positive or negative for lymphovascular invasion. As
underlined by Kahn et al10,11 and Fukunaga, D2-40
selectively stained flattened or open lymphatic chan-
nels lined by a single layer of endothelial cells, whose
lumen was sometimes filled with lymphocytes. D2-40
did not stain blood vessels: capillaries and the endo-
thelium of arteries were negative or rarely weakly
positive.

Figure 1 (a) Distant peritumoral vessel with definite tumoral invasion close to a normal lobule; inset: D2-40 immmunostaining. (b)
Intratumoral vessel with tumoral invasion; inset: D2-40 immmunostaining.
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Definition of Lymphovascular Invasion

Definition of lymphovascular invasion detected by
hematoxylin–eosin
Definite peritumoral lymphovascular invasion on
original hematoxylin–eosin-stained slides was
defined as carcinoma cells present within a definite
endothelial lined space, at a distance from the tumor
(Figure 1a), in the breast surrounding invasive
carcinoma, ie separated from the tumor by normal
breast tissue and often next to a small artery or
vein.4,18 When hematoxylin–eosin lymphovascular
invasion was suspected in the vicinity of the tumor,
differential diagnosis with an artifact (retraction)
was difficult, and such equivocal cases were
recorded as negative. In our study, only unequivocal
hematoxylin–eosin lymphovascular invasion was
recorded as positive without distinguishing blood
vessels from lymphatics. There were 14 (15%)
patients with definite hematoxylin–eosin distant
peritumoral lymphovascular invasion and this is
exactly the frequency expected.19 Although hemato-
xylin–eosin emboli were not counted, they were
single in most cases. Patient characteristics are
summarized in Table 1.

Definition of lymphatic invasion detected by D2-40
Number and topography (intra and/or peritumoral)
of lymphovascular invasion detected by D2-40
(D2-40þ LVI) was recorded (Figure 1a and b).
Close peritumoral D2-40þ LVI was seen at the
invasive front of the tumor, ie close to tumor
cells or desmoplastic stroma. The definition of
distant D2-40þ lymphovascular invasion was
similar to the one of distant peritumoral hemato-
xylin–eosin lymphovascular invasion, ie separated
from the tumor by normal breast tissue. Only
obvious peritumoral emboli in unequivocal vessels
detected with D2-40 were recorded as positive.
Equivocal cases (n¼ 10) were analyzed by two
pathologists (IM and GMG), and recorded as
negative when results between the two pathologists
(n¼ 10 cases) were discordant. In each case, the
number of ‘positive’ blocks/slides (ie number of
slides with definite emboli) was assessed. Extensive
distant peritumoral vascular invasion was defined
as one or more emboli on more than one tumor
block/slide according to Colleoni et al20 criteria.

Comparison of Hematoxylin–Eosin and D2-40 Slides

When lymphovascular invasion was detected
simultaneously by hematoxylin–eosin and D2-40,
slides were reviewed to assess whether it was
the same embolus in the same vessel. Slides of
discordant cases were also reviewed to assess
precisely, on one hand, the presence or the
absence of distant peritumoral vessels on the recuts
from the corresponding block, and on the other, the
topography of lymphovascular invasion. Hemato-

xylin–eosin lymphovascular invasion that had been
missed at first examination and diagnosed at the
second in the light of D2-40 findings.

Statistics

Correlations between vascular invasion and patient
characteristics were studied with the w2- and
Wilcoxon tests. Metastasis-free survival was calcu-
lated according to the Kaplan–Meier method from
the date of the surgery to the occurrence of distant
metastasis. We compared MFS between the patients
with and without vascular invasion using the
log-rank test (SPSSv14).

Results

Lymphatic Invasion Detected by D2-40

D2-40 lymphovascular invasion was present in 39
(41%) out of the 94 cases and was located in or at the

Table 1 Clinicopathological data of patients included

Patients N %

Age
r50 years 28 30
450 years 66 70

Histological size
r20mm 76 81
420mm 14 15
Not specified 4 4

Bloom–Richardson grade
1 27 29
2 42 45
3 25 26

Hematoxylin–eosine emboli
Absent 80 85
Present 14 15

Hormonal receptorsa

Estrogen and Progesterone (�) 19 20
Estrogen and Progesterone (+) 48 51
Estrogen (�) and Progesterone (+) 4 4
Estrogen (+) and Progesterone (�) 16 17
Not specified 7 8

Mib1a

o20% 63 67
Z20% 24 25
Not specified 7 8

Her2neua

o10% 74 79
Z10% intensity 2 3 3
Z10% intensity 3 13 14
Not specified 4 4

a
Assessed on tissue microarray: estrogen receptor and progesterone
receptor : o10% of positive tumor cells¼negative; Z10% of positive
tumor cells¼positive. Mib1: o20% of positive cells¼ low;
Z20%¼high. Score Herceptest: 10%, intensity 1–3; 0% and 1¼no
overexpression, Z10% and 2 or 3¼overexpression.
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periphery of the tumor in 13 and 26 cases,
respectively. Peritumoral D2-40 lymphovascular
invasion was close to the tumor in 10 cases and
distant in 16 (in association with close D2-40þ LVI
in 12 cases). D2-40 lymphovascular invasion was
multiple (on the same slide or on different slides) in
30 cases (3–14 emboli in 21 cases). Thus, 10 of 13
intra, 8 of 10 close and 12 of 16 distant and close D2-
40 lymphovascular invasion were multiple. D2-40
lymphovascular invasion was extensive in 23 cases
(three slides or more in 11cases). Thus, 7 of 13 intra,
5 of 10 close and 9 of 16 distant and close D2-40
lymphovascular invasion were extensive. Finally,
D2-40 lymphovascular invasion was present on only
one out of the three or more sections/slides in 16 of
39 (41%) cases.

D2-40 and Patient Characteristics

D2-40 lymphovascular invasion were more frequent
in younger patients (mean age 38 vs 54 years in
positive and negative patients, respectively,
P¼ 0.005) and in larger tumors (mean size 53 vs
40mm in positive and negative patients, respec-
tively, P¼ 0.015). No correlation was found between
hormonal receptor status and histological tumor
grade.

Comparison of Hematoxylin–Eosin and D2-40
in Concordant and Discordant Cases

Concordant cases: concurrent positivity or negativ-
ity of hematoxylin–eosin and D2-40
Hematoxylin–eosin and D2-40 were simultaneously
negative in 47 cases and positive in 6 cases (Table 2).
In the six tumors with hematoxylin–eosin and D2-40
lymphovascular invasion, D2-40 lymphovascular
invasion was often multiple (five cases with five or
more lymphovascular invasion) and located in
(n¼ 1) or at distance from the tumor (n¼ 5), whereas
hematoxylin–eosin lymphovascular invasion was

single and located in distant vessels. The five
single distant peritumoral emboli detected both by
hematoxylin–eosin and D2-40 were located in the
same vessels.

Discordant cases: positivity of hematoxylin–eosin
or D2-40
There were 41 cases with one positive staining:
8 cases with lymphovascular invasion detected by
hematoxylin–eosin only and 33 with lymphovas-
cular invasion detected by D2-40 only (12 intra,
10 close and 11 distant LVI). When comparing the
eight hematoxylin–eosin and D2-40-stained slides
on which lymphovascular invasion had been
detected by hematoxylin–eosin only, distant vessels
with hematoxylin–eosin lymphovascular invasion
were actually absent on the D2-40-stained slides
corresponding to recuts from the corresponding
block. When comparing the 11 hematoxylin–eosin
and D2-40-stained slides on which distant lympho-
vascular invasion had been detected by D2-40 only,
7 hematoxylin–eosin lymphovascular invasion had
been missed at the first hematoxylin–eosin exam-
ination and diagnosed at the second by D2-40 in the
same distant lymphatic vessels, and 4 D2-40
lymphovascular invasion were located in vessels
that were absent on the original hematoxylin–eosin-
stained slides. Finally, lymphovascular invasion
detected both by hematoxylin–eosin and D2-40
was located in the same distant vessels in 12 cases
(5 cases at the first examination and 7 at the second).
Among the seven hematoxylin–eosin lymphovascu-
lar invasion missed at the first examination, only
one was found in a SBR grade 3 tumor. Using
hematoxylin–eosin lymphovascular invasion as
gold standard, D2-40 sensitivity and specificity
were respectively 42.8% (95% CI: 17.6–71.1) and
58.7% (95% CI: 47.1–69.6).

Prognostic Significance of Lymphovascular Invasion
According to Staining Used

There was no significant difference in metastasis-
free survival between patients with or without D2-40
lymphovascular invasion (P¼ 0.14) whatever their
extension (P¼ 0.2). When taking into account the
topography of D2-40 lymphovascular invasion, a
difference in survival was found only between
patients with no D2-40 lymphovascular invasion
and those with distant D2-40 lymphovascular inva-
sion (P¼ 0.02, Figure 2a). D2-40 lymphovascular
invasion located within or close to the tumor had
no prognostic value. Moreover, a significant differ-
ence was also found between patients with fewer
or more than two D2-40 emboli (P¼ 0.04). Among
the 13 tumors that subsequently relapsed, hemato-
xylin–eosin lymphovascular invasion was diag-
nosed in 5 cases at first examination and in 2 cases
secondarily by D2-40 staining (no relapse in the
4 tumors with D2-40þ /negative lymphovascular

Table 2 D2-40 emboli according to absence or presence of
hematoxylin–eosin emboli

No hematoxylin-eosin
emboli (n¼ 80)

Hematoxylin-eosin
emboli (n¼ 14)

No D2-40
emboli

47 8

D2-40 emboli
Intratumoral 12 1

Peritumoral
Close 10 —
Close and
distanta

7 5

Distant 4 0

a
Associated with intratumoral emboli in one case.
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invasion at review). Comparing the metastasis-free
survival of patients with or without hematoxylin–
eosin lymphovascular invasion, the prognostically
unfavorable significance of hematoxylin–eosin
lymphovascular invasion was improved when tak-
ing into account D2-40 lymphovascular invasion
confirmed by hematoxylin–eosin (P¼ 0.006 vs
0.003, Figure 2b and c).

Discussion

Incidence of Lymphatic Invasion Detected by D2-40

The lower incidence of D2-40 lymphovascular
invasion in the others studies: 27,12 23,21 15%22

compared to the incidences in our study (41%)
and in that by Van den Eynden et al23 (70%) may
be due to the number of immunostained sections/
slides per tumor: one12,21,22 vs four23 and a mean of
3 in the present study. Furthermore, Van den
Eynden et al23 included node-positive patients
with large tumors.

Discordances Between Hematoxylin–Eosin and D2-40

Positivity of hematoxylin–eosin and negativity of
D2-40
Four hypotheses can be made: (1) vascular lumina
are absent on immunostained slides corresponding
to recuts from the corresponding block (eight cases
in our study); (2) vascular lumina are present but
without emboli; (3) hematoxylin–eosin lymphovas-
cular invasion corresponds to artifacts; (4) hemato-
xylin–eosin emboli are located in vascular channels
that are not lymphatics. Nevertheless, Mohammed
et al21 recently found that blood vascular invasion
was rare comparatively to lymphovascular invasion
(3.5 vs 96.4%).

Negativity of hematoxylin–eosin and positivity of
D2-40
These cases were more numerous in our series
than in that of Arnaout-Alkarian et al (41% vs 18%,
respectively).12 In this situation, three hypotheses
can be made: (1) emboli are missed at the first
hematoxylin–eosin examination and subsequently
scored in the light of D2-40 findings (seven cases
in our study); (2) emboli are present at the first
hematoxylin–eosin but cannot be taken into
account: they are not located at distance from
the tumor (23 intra or close lymphovascular in
our study) and/or the complete obliteration
of vascular lumina does not allow a diagnosis
of lymphovascular invasion; (3) vascular
lumina are absent on hematoxylin–eosin slides
and present on immunostained slides correspond-
ing to recuts from the corresponding block (four
cases in our study).

Thus, the 12 cases with lymphatic vessels absent
either on hematoxylin–eosin or on D2-40-stained
slides cannot be considered with certainty as ‘true’
discordant cases.

Prognostic Significance of D2-40 Lymphovascular
Invasion According to Topography, Number, and
Extension

Although the median follow-up was long in our
study, the relatively small number of patients and
events requires caution when interpreting these

Figure 2 Metastasis-free survival curves according to the absence
or presence of lymphovascular invasion detected by hematox-
ylin–eosin and D2-40. (a) Metastasis-free survival according to
presence or absence of distant lymphovascular invasion detected
by D2-40. (b) Metastasis-free survival according to presence or
absence of distant lymphovascular invasion detected by hema-
toxylin–eosin at the first examination. (c) Metastasis-free survival
according to presence or absence of distant lymphovascular
invasion detected by hematoxylin–eosin at the second examina-
tion in the light of D2-40 findings.
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results. With a comparable median follow-up
(8 years), some authors12,21 found that D2-40
lymphovascular invasion (topography not specified)
was a significant predictor of outcome. Furthermore,
when comparing the pejorative significance of
hematoxylin–eosin and D2-40 lymphovascular
invasion, the pejorative significance of D2-40 lym-
phovascular invasion was stronger (P¼ 0.05 vs
P¼ 0.007).21 In our study, the clinical impact of
distant D2-40 lymphovascular only and the stronger
prognostic impact of hematoxylin–eosin lympho-
vascular invasion when taking into account missed
hematoxylin–eosin lymphovascular invasion raises
the hypothesis that D2-40 could detect different
types of lymphatic vessels or emboli. On one hand,
there could be emboli located in normal preexistent
mature lymphovascular channels found in the
breast surrounding invasive carcinoma; and on the
other, emboli located in lymphatic neocapillaries
within the tumor with a chaotic architecture and
abnormal function. Vascular proliferation is now
known to be heterogeneous in tumoral neoangio-
genesis and vasculogenesis. Lymphatic emboli
located in ‘abnormal’ lymphatic neovessels within
or close to the tumor could be different from
lymphatic emboli located in normal lymphatic
capillaries and mature lymphatic vascular channels
located outside the tumor, ie connection between
the two systems may not be efficient. Furthermore,
various studies have suggested that the growth
of tumor-associated lymphatic vessels induced
by vascular endothelial growth factors C and
D promotes lymphatic invasion.24–28 Increased
lymphovascular tumor density was found to be
a significant unfavorable prognostic factor in
breast cancer,28,29 melanoma30,31 and colorectal
cancer.32 Some authors33 found in 89 cases of
breast cancer that lymphangiogenesis was mainly
located in tumor stroma, whereas mature lymphatic
vessels were not found in cancer nests. Such
a distinction between intra- and peritumoral
lymphatic vessels was also underlined by Massi
et al30 in 45 cases of melanoma. In their study,
peritumoral lymphovascular density was an
independent variable affecting overall survival,
whereas intratumoral lymphovascular density was
the most significant predictor of sentinel lymph
node metastasis. Additional studies are necessary to
analyze more precisely the relationship between
intra- and peritumoral lymphangiogenesis, intra-
and peritumoral lymphatic invasion and clinical
outcome (lymph node metastases, distant metastasis
and overall survival).

Practical Considerations

Definitions of hematoxylin–eosin lymphovascular
invasion
As hematoxylin–eosin lymphovascular invasion
had been missed in 7 cases out of 22 (33%) at

the first hematoxylin–eosin examination, the term
‘obvious’ peritumoral emboli as defined in a
previous work is no longer adequate.4 On the
contrary, the term ‘unequivocal lymphatic vessels’
is still adequate as hematoxylin–eosin emboli have
to be located in unequivocal distant D2-40-positive
lymphatic vessels.

Is it useful to detect more lymphatic tumor emboli by
D2-40 in routine practice?
The stronger prognostic impact of hematoxylin–
eosin lymphovascular invasion when adding the
missed lymphovascular invasion detected by D2-40
suggests an affirmative answer to this question.
Nevertheless, it is not necessary to search for all
emboli in all patients. D2-40 could be used in node-
negative patients without hematoxylin–eosin embo-
li and without any other prognostically unfavorable
pathologic criterion (ie with a tumor SBR grade 1 or
2 sizing less than 2mm, with positive hormonal
receptors and negative Her2Neu status) to search for
missed distant hematoxylin–eosin lymphovascular
invasion on all tumor blocks. Thus, in our study
group, D2-40 would have been performed in nearly
half of patients (n¼ 48) and would allow the
detection of 6 missed distant hematoxylin–eosin
lymphovascular invasion (12.5%, CI 95%: 4.7–
25%).

In conclusion, our study raises several hypotheses:
(1) the high incidence of D2-40 lymphovascular
invasion might be related to the number of immu-
nostained slides per case; (2) D2-40 might detect
different types of vessels/lymphovascular invasion;
and (3) only distant D2-40 lymphovascular invasion
confirmed by hematoxylin–eosin might have a prog-
nostic impact. Thus, in routine practice, D2-40 might
be useful especially for novice pathologists to detect
missed hematoxylin–eosin emboli. Further studies
with large cohorts of patients are necessary to assess
accurately the clinical significance of D2-40 lympha-
tic invasion. This is a time-consuming and expensive
undertaking as it cannot be performed on tissue
microarray blocks. However, it is of practical interest
as this reliable, reproducible and routinely applicable
factor is of prognostic value.
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