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Abstract
Invasive lobular carcinoma (ILC) is characterized by discohesive cells due to irreversible loss of E-cadherin expression and 
multiple satellites, where individual cell migration is evident without disturbance of the stroma. Neoplastic cells sometimes 
infiltrate the surrounding vessel in satellites. Here, we aimed to clarify the specific role of perivascular infiltration (PVI) and 
ameboid migration, characterized by nondisturbance of the background stromal structure, in ILCs. A total of 139 cases with 
ILC and 122 cases with invasive breast carcinoma of no special type (IBC-NST) were evaluated retrospectively. PVI was 
significantly more common in ILC than in IBC-NST (50% [70 of 139 cases] vs. 9% [11 of 122 cases], p < 0.001). ILC cases 
with PVI showed a larger pathological tumour size than clinical tumour size (p < 0.01), a higher frequency of pathological 
node status pN2-pN3 when limited to clinically node-negative cases (p < 0.01) and lower circularity of tumour morphology 
on imaging (p < 0.01) than ILC cases without PVI. In the pathological evaluation, the intensity and occupancy of tumour 
cells expressing phospho-myosin light chain 2, which is a hallmark of ameboid migration, were significantly higher in ILC 
cases with PVI than in those without PVI at the tumour margins (p < 0.05). ILC with PVI is associated with irregular, poorly 
defined tumour margins and lymph node metastasis without adenopathy, which is difficult to assess using imaging. PVI may 
be caused by ameboid migration, as shown by the positive expression of phospho-myosin light chain 2. The presence of PVI 
may be a predictor for clinically node-negative pN2-pN3 in ILC patients.
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Abbreviations
PVI	� Perivascular infiltration
ALND	� Axillary lymph node dissection
SLN	� Sentinel lymph node
SNB	� Sentinel node biopsy
FNAC	� Fine-needle aspiration cytology
IBC-NST	� Invasive breast carcinoma of no special type
ILC	� Invasive lobular carcinoma
ER	� Oestrogen receptor
PgR	� Progesterone receptor
HER2	� Human epidermal growth factor receptor 2

cN( −)	� Clinically node negative
cN( +)	� Clinically node positive

Introduction

Invasive lobular carcinoma (ILC) is pathologically defined 
as an invasive breast carcinoma composed of discohesive 
cells, often with loss of expression of cell adhesion mol-
ecules, including E-cadherin, individually dispersed pat-
terns or arranged in a single-file linear pattern [1]. The 
loss of E-cadherin expression is caused primarily by either 
CDH1 mutations (50 − 60%) or chromosome 16q loss 
where CDH1 is located [2]. These distinctive pathologi-
cal findings are assumed to yield unique tumour behaviour 
and several differences between ILC and invasive breast 
carcinoma of no special type (IBC-NST). ILC tumours 
tend to be clinically underestimated and are diagnosed 
as node-negative on imaging because of a small stromal 
reaction and no adenopathy [3–5].
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In general, there are two modes of individual cell 
migration in carcinoma: mesenchymal migration, which 
requires proteolysis towards the surrounding tissue, and 
ameboid migration in which the high contractile force of 
actomyosin allows cells to squeeze through tissue gaps 
without proteolysis [6]. In ILCs, multicellular streaming 
known as a single-file linear pattern can induce either 
mesenchymal migration or amoeboid migration [7]. Infil-
tration without disturbance of the background architec-
ture of ILCs is more reminiscent of amoeboid migration 
than mesenchymal migration. However, the relationship 
between histological findings in ILCs and the migration 
mode has not been clarified.

ILC is characterized by the presence of multiple satel-
lites [1, 4]. Foschini et al. reported that neoplastic cells 
are frequently observed in perivascular spaces in cases 
with multiple ILC areas [8]. Other types of malignant 
tumours, such as glioblastoma and melanoma, are also 
known to have satellites with vessels. These satellites are 
referred to as perivascular aggregation or perivascular 
migration (angiotropism). In these tumours, the perivas-
cular space is assumed to be a track for migration related 
to tumour progression [9–12], while the significance of 
perivascular infiltration (PVI) in ILCs is not clear. We 
hypothesized that ameboid migration could be an impor-
tant factor in PVI formation, which would explain the 
unique tumour behaviour of ILCs. In this study, we aimed 
to clarify the specific role of PVI and amoeboid migration 
in the unique clinicopathological findings in ILCs.

Materials and methods

Cases

We retrospectively recruited 138 patients, including one 
patient with bilateral ILC (for a total of 139 cases), who 
underwent surgery at Hirosaki University Hospital from 
2007 to 2017 (Supplemental Table 1). As a control, we 
analysed 122 patients with IBC-NST, which represented 
47% (122/247 cases) of all breast carcinomas, who 
underwent surgery at Hirosaki University Hospital from 
2014 to 2017 (Supplemental Table 1). Following the def-
inition of the WHO classification 5th edition 2019, ILC 
was histologically diagnosed if an IBC was composed of 
dispersed or linear discohesive cells while referring to 
E-cadherin expression (loss of E-cadherin expression in 
138 cases and reduction of E-cadherin expression in 1 
case). This is because alterations in the integrity of other 
cadherin complexes can also contribute to discohesive-
ness in ILCs [1]. We excluded cases with neoadjuvant 
therapy, synchronous distant metastasis and multiple 

tumours, including other histologic types, without axil-
lary treatment, after ipsilateral breast-conserving surgery 
or surgical biopsy. Our study was approved by the Ethics 
Committee of Hirosaki University Graduate School of 
Medicine (approval number #2019–119). We disclosed 
the research content to all participants and obtained con-
sent in an opt-out format.

Clinical examination

The clinical tumour size was defined as the maximum 
diameter of the enhanced area containing small satellite 
lesions on magnetic resonance imaging (MRI) or com-
puted tomography (CT) images. In addition to the assess-
ment of pathological tumour size in this study, satellite 
lesions were included in the clinical tumour size. MRI 
was performed in 70 of 139 cases with ILC and 98 of 122 
cases with IBC-NST. The clinical axillary lymph node 
status was evaluated based on CT if fine-needle aspira-
tion cytology (FNAC) was not performed. A metastatic 
lymph node on CT was defined as a short-axis diameter 
of more than 7 mm and the near absence of intranodal 
fat density, which were the criteria with high specificity 
based on a previous report [13]. In addition, a short-
axis diameter or maximum cortical thickness was meas-
ured as the clinical lymph node size using CT images. 
In ILC cases, clinical node metastasis was diagnosed by 
FNAC in only 3 cases that had a short-axis diameter of 
7.1–8.0 mm.

Morphology of the tumour in MRI or CT images was 
quantified by circularity [14] using ImageJ software (ver. 
1.52a, NIH, Bethesda, MD, USA). The definition was as 
follows:

Circularity = 4π·Area (mm2)/Perimeter.2 (mm2)
These values were measured using ImageJ by tracing the 

tumour borders to include satellite foci. In the case of two 
solitary masses, the larger mass was evaluated, but 3 or more 
masses were excluded from the morphological evaluation. 
The final circularity was the average of each value in two 
MRI pairs of axial and sagittal images in 68 cases. Circular-
ity was also evaluated in two CT pairs of axial and coronal 
images in 79 cases. Forty-seven cases (59%) overlapped with 
cases of MR images.

Histopathologic examination

Histopathological reassessment was performed according to 
the WHO Classification of Tumours [1]. TNM staging was 
performed based on the 8th edition of the UICC. We reas-
sessed the histologic type as follows: tumours with > 90% 
ILC were classified as ILC, and those with > 90% inva-
sive breast carcinoma of no special type were classified as 
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IBC-NST. All H&E-stained slides from ILCs and at least 
two involved sections from IBC-NST cases (IBC-NSTs) 
were reviewed by AI, KK and HM in a blinded manner. 
Pathological tumour size was measured microscopically 
as the largest continuous extent of invasion. The same rule 
was applied to extensive carcinoma in situ with multiple 
small invasions (< 10 mm). As an exception to the size rule 
according to the definition of the latest revised edition of the 
CAP protocol, if two histologically similar carcinomas were 
within 5 mm of each other, the size was measured from the 
outer edges of the two [15].

Table 1   Clinicopathological 
characteristics of ILC with or 
without PVI

ILC invasive lobular carcinoma, PVI perivascular infiltration, HER2 human epidermal growth factor recep-
tor 2

Characteristics ILC (n = 139) p value

PVI( −) (n = 69) PVI( +) (n = 70)

Age (years) 61.0 ± 10.7 59.4 ± 13.2 0.44
Local treatment
Partial mastectomy
Total mastectomy

50.7% (35/69)
49.3% (34/69)

47.1% (33/70)
52.9% (37/70)

0.74

Clinical tumour size (mm) 25.5 ± 16.9 33.4 ± 15.3 0.005
Pathological tumour size (mm) 23.7 ± 13.9 42.9 ± 25.2  < 0.001
Pathological tumour size -
Clinical tumour size (mm)

 − 1.9 ± 9.1 9.1 ± 19.8 0.001

Clinical node status
Negative
Positive

89.9% (62/69)
10.1% (7/69)

94.3% (66/70)
5.7% (4/70)

0.37

Pathological node status
Negative
Positive

73.9% (51/69)
26.1% (18/69)

62.9% (44/70)
37.1% (26/70)

0.20

Nuclear pleomorphism
1, 2
3

95.7% (66/69)
4.3% (3/69)

98.6% (69/70)
1.4% (1/70)

0.37

Mitotic count
1
2, 3

91.3% (63/69)
8.7% (6/69)

95.7% (67/70)
4.3% (3/70)

0.33

Lymphovascular invasion
Negative
Positive

88.4% (61/69)
11.6% (8/69)

80.0% (56/70)
20.0% (14/70)

0.25

Pectoral muscle invasion
Negative
Positive

100% (69/69)
0% (0/69)

95.7% (67/70)
4.3% (3/70)

0.25

Skin invasion
Negative
Positive

85.5% (59/69)
14.5% (10/69)

88.6% (62/70)
11.4% (8/70)

0.62

Oestrogen receptor
Negative
Positive

8.7% (6/69)
91.3% (63/69)

4.3% (3/70)
95.7% (67/70)

0.33

HER2 status
Negative
Positive

98.6% (68/69)
1.4% (1/69)

95.7% (67/70)
4.3% (3/70)

0.62

Ki67 index (%) 19.4 ± 13.4 17.3 ± 11.3 0.34
Histological subtype
Classic
Nonclassic

76.8% (53/69)
23.2% (16/69)

84.3% (59/70)
15.7% (11/70)

0.29

Table 2   Pathological node status in clinically node-negative ILCs

PVI perivascular infiltration, cN clinical node status, pN pathological 
node status

Node status PVI ( −) PVI ( +) p value

pN( +)/cN( −) 17.7% (11/62) 33.3% (22/66) 0.068
pN2 + pN3/cN( −) 0% (0/62) 15.2% (10/66) 0.001
pN2 + pN3/cN( −)pN( +) 0% (0/11) 45.5% (10/22) 0.013
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The protocol for the microscopic maximum tumour size 
was as follows:

1.	 After fixation, surgical specimens were cut in parallel 
into approximately 5-mm-thick slices.

2.	 The maximum tumour diameter in each cross section 
was measured.

3.	 Using a pathological map, the maximum diameter per-
pendicular to the cross section was measured [16].

4.	 #2 and #3 were compared, and the largest one was 
defined as pathological IBC size.

Nuclear pleomorphism, mitotic count, lymphovascu-
lar invasion, pectoral muscle invasion and skin invasion 
were evaluated. ILCs were classified into the following 
histological subtypes: the classic type, in which more 
than half of discohesive cells were small and uniform and 
dispersed individually or arranged in a single-file linear 
pattern, and others (nonclassic type), including pleomor-
phic ILC [1, 17]. Immunohistochemistry for oestrogen 
and progesterone receptors, human epidermal growth fac-
tor receptor 2 (HER2) and Ki67 was performed in each 
laboratory and reevaluated. E-cadherin immunostain-
ing (clone NCH-38, 1:200, Agilent Technologies, Santa 
Clara, CA, USA) in surgical specimens was performed 
in all ILCs and IBC-NSTs with a few tubular formations 
and discohesive cells.

PVI was defined as the infiltration of tumour cells 
surrounding the vessels distributed in the breast, except 
for capillaries, which were discontinuous from the main 
invasion (Supplemental Fig.  1, a). PVI was mostly 
observed in breast tissue and retromammary fat tissue. 
PVI also includes infiltration into the collagen fibres sur-
rounding the vessel (b). Tumour cells individually infil-
trated or formed small clusters (c). In the case exhibit-
ing pectoral muscle invasion, PVI was observed beyond 
the breast (d). Tumour cells noncohesively infiltrated 

surrounding vessels in multiple layers (e, f). Tumour 
cell infiltration was clearly visualized surrounding small 
vessels and lymph vessels using immunohistochemistry, 
which was performed using antibodies against cytokera-
tin (AE1/AE3, F. Hoffmann-La Roche, Ltd., Basel, Swit-
zerland: g), CD34 (clone QBEnd/10, Leica Biosystems, 
Wetzlar, Germany: h) and podoplanin (Clone D2-40, 
1:4, Nichirei Bioscience Inc., Tokyo, Japan: i) with a 
VENTANA BenchMark ULTRA automated stainer (F. 
Hoffmann-La Roche, Ltd.). Tumour cells accompanied 
by lymphovascular invasion or along the long axis of 
the vessel were also included as PVI, while PVI with 
coexisting ducts or lobules was excluded. PVI was evalu-
ated using only H&E-stained slides. As intratumoural 
heterogeneity was observed in the distribution of PVI, 
the number of PVI was evaluated by the total number of 
two sections, including the main tumour.

Immunohistochemical staining using an antibody for 
phospho-myosin light chain 2 (p-MLC2) (1:200; Cell 
Signalling Technologies, Danvers, MA, USA) was per-
formed manually with BOND Polymer Refine Detec-
tion. We evaluated p-MLC2 in 93% (54/58) of ILCs that 
were suitable for immunostaining for phosphorylation. 
p-MLC2 was assessed in hotspots located in the invasive 
front of satellite foci or main tumour in a 100 × field of 
view and evaluated semiquantitatively using a modified 
H-score determined by staining intensity and occupancy 
(%) (H-score = 1 × [% light staining] + 2 × [% moderate 
staining] + 3 × [% strong staining]) [18]. Staining inten-
sity was graded by comparing endothelial cells and 
myoepithelial cells with endogenous strong staining. 
Light staining was defined as faint and heterogeneous 
cytoplasmic staining. Strong staining showed a similar 
density of homogeneous cytoplasmic staining to that 
of endothelial cells. Moderate staining was defined as 
intermediate cytoplasmic staining between weak and 
strong staining (Supplemental Fig. 2). The total H-score 
of the three fields of view was compared.

Axillary treatment

Pathologically, a sentinel lymph node (SLN) with 
micrometastases (> 0.2  mm and ≤ 2  mm) or mac-
rometastases (> 2 mm) was diagnosed as a positive 
node [1]. In most clinically node-negative [cN ( −)] 
cases, sentinel node biopsy (SNB) was performed, and 
axillary lymph node dissection (ALND) was added if 
macrometastases were detected in the SLN. Notably, 
two PVI-positive cases and four PVI-negative cases 
with SLN metastasis, including macrometastases, did 
not undergo ALND.

Fig. 1   Pathological findings in ILCs with PVI. At the border of the 
tumour, tumour cells invaded the surrounding fatty tissue and remod-
elled the structure in the PVI-negative case (a), which is the same 
case as shown in Supplemental Fig.  3a. Tumour cells arranged in a 
single-file linear pattern infiltrated the fatty tissue with a desmoplas-
tic reaction (b). In the PVI-positive case, tumour cells predominantly 
infiltrated the breast collagen structure in the peripheral side of the 
tumour in the H&E section (arrows) (c), which is a corresponding 
finding observed in the MRI in Supplemental Fig.  3b (red arrow). 
Tumour cells infiltrated with little disturbance of the background 
architecture (d). Tumour cells arranged in a single-file linear pat-
tern infiltrated around vessels (e) and normal ducts (f) and infiltrated 
parallel to the fat border (g). A desmoplastic reaction occurred in the 
centre of the tumour (h). The bars are 2 mm (a, c) and 100 μm (b, 
d–h)

◂
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Statistical analysis

All statistical analyses were performed using EZR (ver. 
1.51, Saitama Medical Center, Jichi Medical University, 
Saitama, Japan) [19]. Continuous variables were ana-
lysed using the Student’s t test and Mann–Whitney U 
test. Data are expressed as the means with standard devi-
ation (SD) or medians with interquartile range (IQR). 
Categorical variables were analysed using Fisher’s exact 
test. Any variable with a p value of < 0.05 was considered 
significant. To match some clinical baseline character-
istics of ILCs and IBC-NSTs, the propensity score was 
estimated by fitting a logistic regression model. One-to-
one matching was performed using the nearest neighbour 
match on the propensity score with calliper width set to 
0.20 times the standard deviation of the propensity score.

Results

Clinicopathological characteristics of ILC 
and IBC‑NST (Supplemental Table 1)

A total of 122 cases of IDC and 139 cases of ILC were com-
pared. Age was significantly higher in patients with ILC than 
in those with IBC-NST (p < 0.01). As previously reported, 
the clinical and pathological tumour size and the frequency 
of HER2-negative cases were significantly higher in ILCs 
than in IBC-NSTs (p < 0.001). The frequency of PVI was 
significantly higher in ILCs than in IBC-NSTs (50% vs. 9%; 
p < 0.001). The patients were matched according to the base-
line characteristics known to differ between ILCs and IBC-
NSTs, such as age, clinical tumour size, clinical node status 
and oestrogen receptor (ER) and HER2 status [1]. Even in 
the matched cases, the pathological tumour size of ILCs was 
larger than that of IBC-NSTs (p < 0.001). The frequency of 
PVI remained higher in ILCs than in IBC-NSTs (p < 0.001). 
The median number of PVIs in two sections was two (range, 

1–21) in PVI-positive cases with ILC and one (range, 1–2) 
in PVI-positive cases with IBC-NSTs.

Clinicopathological characteristics of ILCs 
with or without PVI (Table 1)

The clinical and pathological tumour sizes were signifi-
cantly larger in PVI-positive cases than in PVI-negative cases 
(p < 0.01 and p < 0.001, respectively). Remarkably, the differ-
ence between pathological and clinical tumour size was larger 
in PVI-positive cases (p < 0.01). Pectoral muscle invasion 
was observed in only three PVI-positive, pathologically node-
negative cases despite not being locally advanced cancer with 
multiple lymph node metastases. There was no difference in 
age, nuclear pleomorphism, mitotic count, lymphovascular 
invasion, histological subtype, ER, HER2 status or Ki67 index.

Tumour morphology on imaging (Supplemental 
Fig. 3)

ILCs are known to show masses as well as non-mass 
enhancement, such as IBC-NST [20, 21]. In the MR images, 
PVI-negative cases of ILC typically showed masses with 
irregular margins (a), while PVI-positive cases typically 
showed non-mass enhancement with segmental distribu-
tion (b). To clarify the difference in tumour invasion manner 
according to PVI, the circularity of the tumour was evaluated 
in the images. In 68 cases evaluated by MRI, the circularity 
of the tumour in PVI-positive cases was significantly lower 
than that in PVI-negative cases (p < 0.01) (c). Similarly, in 
79 cases who underwent CT imaging, the circularity was 
lower in PVI-positive cases (p < 0.01) (d).

Pathological characteristics of PVI‑positive ILCs 
(Fig. 1)

PVI-negative cases showed tumour growth accompanied by 
a desmoplastic reaction at the invasive front (a). At higher 
magnification, tumour cells arranged in a single-file linear 
pattern infiltrated against the surrounding fat accompanied 
by desmoplastic reactions and disturbance of background 
architecture (b). In contrast, PVI-positive cases showed that 
small and uniform tumour cells infiltrated into the fibrous 
connective tissue accompanied by minimum disturbance of 
background architecture (c, d). Tumour cells arranged in a 
single-file linear pattern infiltrated around vessels (e) and 
normal ducts (f) with a few desmoplastic reactions. PVI-
positive cases frequently exhibited infiltration surrounding 
the duct and lobules apart from the main invasion, similar to 
the so-called concentric (targetoid) pattern [1]. In addition, 
single-file linear cords of tumour cells were aligned paral-
lel to the fat border (g) [22]. Even in PVI-positive cases, 

Fig. 2   Morphological differences in metastatic lymph nodes 
according to PVI. Representative images of axillary lymph nodes 
(arrow) lacked intranodal fat density with adenopathy on CT images 
of PVI-negative cases, while lymph nodes (arrowhead) showed no 
distinct adenopathy in PVI-positive cases of pN2–pN3 (a). Tumour 
cells expanded in the lymph node showing adenopathy in macro-
scopic H&E sections of PVI-negative cases, while metastatic lymph 
nodes showed minimum morphological changes in PVI-positive cases 
despite pN2–pN3 (b). Tumour cells exhibited moderate to marked 
nuclear pleomorphism and mitosis with eosinophilic abundant cyto-
plasm diagnosed as pleomorphic type in the lymph node of PVI-
negative cases (c). In contrast, tumour cells had thin cytoplasm with 
mild nuclear atypia in the lymph node in PVI-positive cases. The 
Ki67 index in the tumour cells of the main tumour was significantly 
higher in PVI-negative cases than in PVI-positive cases when limited 
to pN2–pN3 (d). The bars are 2 mm (b) and 25 μm (c, d)

◂
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Fig. 3   Myosin II activation of tumour cells with PVI in the inva-
sive front. Tumour cells showed less intense cytoplasmic staining of 
p-MLC2 than endothelial cells in PVI-negative cases (a). Tumour 
cells showed cytoplasmic staining of p-MLC2 as strong as that of 
endothelial cells in PVI-positive cases (b). Tumour cells surrounding 
the vessel (c) and the duct (d) showed similar intensity of staining to 
that of endothelial cells and myoepithelial cells in PVI-positive cases. 

Parallel infiltration of p-MLC2-positive tumour cells along the fat 
border is shown (e). Notably, tumour cells infiltrated along the small 
vessels without destruction of the preexisting structure (arrowheads) 
in the upper right. PVI-positive cases showed a higher total H-score 
of p-MLC2 staining than PVI-negative cases (f) (Student’s t test, 
*p < 0.05). The bar is 100 μm
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desmoplastic reactions were often observed in the centre of 
the tumour (f).

Discrepancy between the clinical and pathological 
lymph node status in PVI‑positive cases (Fig. 2)

There was no difference in clinical and pathological node 
status between patients with and without PVI (Table 1). 
However, when limited to cN( −) ILCs, the frequency of 
pN2-pN3 (4 or more positive nodes) cases was significantly 
higher in PVI-positive cases than in PVI-negative cases 
(15.2% vs. 0%; p < 0.01) (Table 2). Furthermore, when lim-
ited to cN( −) but pN( +) cases, the frequency of pN2–pN3 
was higher in PVI-positive cases than in PVI-negative cases 
(45.5% vs. 0%; p < 0.05). 

These results indicated that the axillary lymph nodes 
might be diagnosed as cN( −) in image analysis due to trivial 
morphological changes in pN2–pN3 cases with PVI. Indeed, 
for the clinical node size, the short-axis diameter or corti-
cal thickness was significantly smaller in PVI-positive cases 
than in PVI-negative cases in pN2–pN3 cases (p < 0.05) 
(a,b, Supplemental Table 2). Conversely, there was no dif-
ference in the pathologically maximum metastatic size. 
Regarding histological subtype, the classic type of ILCs was 
predominant in pN2–pN3 cases with PVI compared with 
pN2–pN3 cases without PVI (p < 0.01). On the other hand, 
pleomorphic ILCs with apocrine features were frequently 
observed in pN2–pN3 cases without PVI (p < 0.05) (c, Sup-
plemental Table 2). pN2–pN3 cases with PVI showed a sig-
nificantly lower Ki-67 index than the matched cases without 
PVI (p < 0.01) (d, Supplemental Table 2).

Phospho‑MLC2 expression in ILCs at the invasive 
front (Fig. 3)

To compare the differences in migration mode with or with-
out PVI, we evaluated p-MLC2, which is one of the indica-
tors of myosin II activation. Myosin II activity reflects the 
contraction of actomyosin, which is the main mechanism 
eliciting ameboid migration. Tumour cells exhibited mild 
to moderate cytoplasmic staining in the invasive front of 
the PVI-negative cases (a). In contrast, tumour cells in the 
invasive front showed intense cytoplasmic staining similar 
to that of endothelial cells in the PVI-positive cases (b). 
Tumour cells surrounding the vessel (c) and the duct (d), 
particularly discohesive cells, also showed strong staining 
similar to endothelial cells or myoepithelial cells. Tumour 
cells individually infiltrating along the fat border and capil-
laries showed a strong positive reaction for p-MLC2 (e). 
The total H-score from p-MLC2 staining was significantly 
higher in the invasive front in PVI-positive cases than in 
PVI-negative cases (p < 0.05) (f).

Discussion

In this study, PVI was identified as a more common finding 
in ILCs than in IBC-NSTs. PVI in ILCs was associated with 
extensive tumour infiltration, which was related to subclini-
cal lymph node metastasis without adenopathy. Myosin II 
activity was higher in the tumour margins of ILCs with PVI, 
suggesting that PVI may be caused by ameboid migration. 
These results supported our hypothesis that PVI was associ-
ated with the unique tumour behaviour of ILCs.

PVI was defined as the infiltration of tumour cells sur-
rounding the vessel apart from the main tumour in this study. 
Infiltration surrounding ducts and lobules and parallel infil-
tration to the fat border were also frequently observed in 
PVI-positive cases. As represented by these infiltrations, 
the tumour cells in PVI-positive cases penetrated surround-
ing tissues, which was rarely accompanied by desmoplastic 
reaction and disturbance of background collagen structure. 
Recent 2D/3D approaches strongly suggest that tumour inva-
sion is guided and supported by preexisting anatomic struc-
tures, including vessels and collagen fibre bundles [6]. The 
tumour cells in PVI-positive cases might use these gaps in 
the preexisting fibre bundles with individual cell or single-
file linear patterns. Furthermore, the tumour cells showed 
dominant ameboid migration in the invasive front, where 
cytoplasm could be squeezed between tissue gaps without 
proteolysis. In PVI-positive cases, these mechanisms would 
enable tumour cells to infiltrate the stroma without disturb-
ing the background collagen structure.

In several types of tumours known to have PVI, includ-
ing ILCs, the Rho-Rock pathway is activated [10, 23, 24]. 
Rock can phosphorylate MLC2 directly and indirectly. 
Consequently, high myosin II activation promotes a high 
level of actomyosin contraction, which is the key to ame-
boid migration. In particular, Georgouli et al. reported that 
the invasive fronts of melanoma were enriched in myosin 
II-activated rounded-ameboid cancer cells, which secrete 
cytokines and autoactivate Rock-myosin II [25]. In this 
study, myosin II activation was significantly higher in the 
invasive front in PVI-positive cases. High myosin II activa-
tion was also observed in infiltration surrounding ducts and 
parallel infiltration to the fat border, which were distinctive 
findings of ILCs with PVI. These findings may suggest that 
ILCs assume modes of infiltration, i.e. ameboid and mesen-
chymal migration, differently in the microenvironment or 
with genetic changes.

Recent randomized clinical trials reported that SLN-
positive, clinically node-negative patients did not have an 
inferior prognosis even if ALND was omitted [26–28]. How-
ever, some studies have reported that SLN-positive ILCs 
had a greater number of pathologically positive nodes than 
IBC-NSTs [29–31]. In this study, there was no difference in 
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pathological node metastasis and lymphovascular invasion 
between all ILCs with or without PVI. However, when lim-
ited to cN(–) cases, there were significantly more pN2–pN3 
cases amongst the PVI-positive cases. One of the reasons 
is that the metastatic lymph nodes did not clinically show 
adenopathy. Although the mechanism of minimum lymphad-
enopathy is still unknown, the low Ki67 proliferation index 
of the main tumour and reduced stromal reaction in the inva-
sive front may be associated with metastasis without ade-
nopathy. Therefore, omitting ALND for SLN-positive cases 
with PVI in ILC may lead to inadequate adjuvant therapy 
due to uncertain staging and worse prognosis.

In PVI-positive cases, the pathological tumour size 
was significantly larger than the clinical tumour size. The 
tumour cells in PVI-positive cases extensively infiltrated 
the surrounding ducts and lobules and aligned in parallel 
to the fat border individually and in a single-file linear 
pattern without disturbance of the background collagen 
structure. Because such a mode of infiltration elicits fewer 
deviations from the normal structures on imaging [32], 
this may make it more difficult to evaluate precise tumour 
extension. These characteristics of infiltration with PVI 
also reflected the tumour morphology of the images. The 
lower circularity in PVI-positive cases was assumed to be 
not only due to PVI-related irregularity but also due to the 
segmental distributions related to infiltration around ducts 
and parallel infiltration to the fat border, even though there 
was little intraductal spread. On the other hand, the higher 
circularity in PVI-negative cases was assumed to be soli-
tary masses, even with irregular and spiculated margins.

This study had limitations. First, because of the multi-
institutional retrospective nature of the study, preoperative 
imaging with or without MRI was not unified. Therefore, 
the circularity was verified not only by MRI but also by CT 
images. Second, most of the specimens for p-MLC2 immu-
nostaining were partially dissected and fixed for the evalu-
ation of HER2 staining, so they could not be unified to be 
representative true invasive fronts. Third, not all ILCs in 
stages I–III were included because cases with neoadjuvant 
therapy were excluded from this study. Particularly, PVI-
negative cases with clinically many lymphadenopathies 
may have been treated with neoadjuvant chemotherapy, 
which may have resulted in fewer pN2–pN3 cases.

In conclusion, our study revealed that PVI is a dis-
tinct pathological finding identified in ILCs that can be 
evaluated by imaging. Myosin II activity was higher in 
the tumour margins of ILCs with PVI, suggesting that 
PVI may be caused by ameboid migration. PVI could be 
a predictor for clinically node-negative pN2–pN3 cases 
using clinical tumour size and circularity, which may help 
surgeons decide whether ALND should be performed for 
staging in ILC. In the future, determination of the specific 

cutoff values for the circularity and clinical tumour size 
for diagnosis of ILCs using clinical images and evaluation 
of the relationship between PVI and prognosis for under-
standing ILC-specific behaviour can be useful.
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Supplemental Table 1. Clinicopathological characteristics of ILC and IDC. 

Characteristics 
ILC 

(n=139) 
IBC-NST 
(n=122) 

p value Matched ILC 
(n=70) 

Matched IBC-
NST (n=70) 

p value 

Age(years) 60.2±12.0 56.1±11.7 <0.01 58.6±10.8 59.8±11.2 0.51 
Clinical tumor size (mm) 29.5 ± 16.5 18.1 ± 11.6 <0.001 23.3±12.5 21.3±12.3 0.35 
Clinical node status 
 Negative 
 Positive 

 
92.1%(128/139) 

7.9%(11/139) 

 
90.2%(110/122) 
9.8%(12/122) 

0.66 
 

 
90.0%(63/70) 
10.0%(7/70) 

 
94.3%(66/70) 

5.7%(4/70) 

0.53 

Estrogen receptor 
 Negative 
 Positive 

 
6.5%(9/139) 

93.5%(130/139) 

 
13.9%(17/122) 

86.1%(105/122) 

0.06 
 

 
10.0%(7/70) 
90.0%(63/70) 

 
5.7%(4/70) 

94.3%(66/70) 

0.53 

HER2 status 
 Negative 
 Positive 

 
97.1%(135/139) 

2.9%(4/139) 

 
81.1%(99/139) 
18.9%(23/139) 

<0.001 
 

 
95.7%(67/70) 

4.3%(3/70) 

 
97.1%(68/70) 

2.9%(2/70) 

1.00 

Pathological tumor  
size (mm) 

33.4 ± 22.5 15.1 ± 9.6 <0.001 30.8 ± 17.8 17.0± 10.6 <0.001 

Pathological node status 

 Negative 
Positive 

 

68.3%(95/139) 
31.7%(44/139) 

 

67.2%(82/122) 
32.8%(40/122) 

0.90 

 

 

65.7%(46/70) 
34.3%(24/70) 

 

65.7%(46/70) 
34.3%(24/70) 

1.00 

Lymphovascular invasion 
 Negative 
 Positive 

 
84.2%(117/139) 
15.8%(22/139) 

 
77.9%(95/122) 
22.1%(27/122) 

0.21 
 

 
84.3%(59/70) 
15.7%(11/70) 

 
81.4%(57/70) 
18.6%(13/70) 

0.82 

PVI 
 Negative 
 Positive 

 
49.6%(69/139) 
50.4%(70/139) 

 
91.0%(111/122) 

9%(11/122) 

<0.001 
 

 
55.7%(39/70) 
44.3%(31/70) 

 
87.1%(61/70) 
12.9%(9/70) 

<0.001 

ILC: invasive lobular carcinoma, IBC-NST: invasive breast carcinoma of no special type, HER2: human 

epidermal growth factor receptor 2: PVI: perivascular infiltration. Values were presented as mean ± SD. 
  



Supplemental Table 2.  Clinicopathological characteristics of pN2-pN3 ILC with PVI. 
 pN2+pN3 ILC (n=19) 

p value 
PVI(-) (n=6) PVI(+) (n=13) 

Clinical size of LN (mm)  8.6 (7.1-10.8) 6.0 (4.0-6.9) 0.017 
Pathological metastatic size of LN (mm) 11.5 (7.3-18.3) 11.0 (6.0-15.0) 0.57 
Histological subtype 
Classic 
Pleomorphic 

 
16.7%(1/6) 
50.0%(3/6) 

 
84.6%(11/13) 

0%(0/13) 

 
0.009 
0.021 

ER-positive and HER2-negative 50.0%(3/6) 92.3% (12/13) 0.071 
Ki67 index (%) 31(22-38) 11 (6-19) 0.003 

LN, lymph node: ER, estrogen receptor: HER2, human epidermal growth factor receptor 2. Values 
are expressed as median (Inter-Quartile Range).  

  



Supplemental Figure 1 

 

Supplemental Figure 1. Pathological definition of perivascular infiltration (PVI) in ILC. 

At low magnification, discontinuous lesions apart from the main tumor were detected in the 

retromammary fat tissue (red rectangles) (a). In the red rectangular area, tumor cells infiltrated 

surrounding vessels (b). Tumor cells exhibited a thin rim of cytoplasm, which is a typical 

pathological characteristic of classic ILCs (c). In the case exhibiting pectoral muscle invasion, PVI 

was observed beyond the breast (red rectangle) (d). Similar to B, tumor cells also infiltrated into 

the perivascular space with poor stromal reaction in the red rectangle (e). At higher magnification, 

tumor cells showing thin cytoplasm infiltrated discohesively (f). Infiltration of tumor cells 

surrounding vessels and lymph vessels was confirmed by immunohistochemistry for AE1/AE3 (g), 

CD34 (h) and D2-40 (i). The bar is 2 mm (a, d) and 100 m (b,e,g-i), 25 m (c,f). 



 

 

Supplemental Figure 2. 

 

Supplemental Figure 2. Intensity score of phopho-MLC2. 

(a) score 0 (no staining), (b) score 1 (light staining), (c) score 2 (moderate staining), and (d) 

score 3 (strong staining). The bar is 25 mm. 

 

  



 

Supplemental Figure 3. 

 

Supplemental Figure 3. Difference in tumor morphology in the images. 

The PVI-negative case showed a lobulated mass with irregular and spiculated margins in MR 

imaging (circularity = 0.58) (a). The PVI-positive case showed non-mass enhancement with 

segmental distribution and conspicuously irregular borders in the MR image (circularity=0.32) (b). 

The circularity for the tumors in PVI-positive cases was significantly lower than that in PVI-

negative cases in both MRI (c) and CT (d) images (Mann–Whitney U test, *p < 0.01). 
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