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Abstract: It is assumed that the spread of breast cancer cells via the lymphatic system might be influenced by inflam-
matory reactions and/or the application of chemotherapy or molecularly targeted therapy. Therefore, we analysed
survival according to lymphatic vessel density (LVD), lymphovascular invasion (LVI) (both assessed using podoplanin
as immunohistochemical marker of lymphatic endothelium) and well-established clinico-pathological features in
a group of 358 patients with invasive ductal breast cancer: 139 chemotherapy-naive (pT1-2/pNO/MO) and 219
treated with chemotherapy (pT1-4/pN1-3/MO). Univariate analysis revealed that high LVD was related to unfavour-
able disease-free survival (DFS) in pNO/chemotherapy/trastuzumab-naive patients (P = 0.028). Conversely, in pN+/
chemotherapy-treated individuals high LVD was related to favourable DFS (P = 0.019). LVI was a significant indica-
tor of survival (P = 0.005) only in pNO/chemotherapy/trastuzumab-naive patients. The following parameters were
significant independent adverse prognostic factors for DFS: (i) in pNO/chemotherapy/trastuzumab-naive patients:
high LVD (LVD > 7 vessels/mm?; RR = 2.7, P = 0.039), LVI (RR = 3.3, P = 0.046) and high tumor grade (G3 vs. G1 +
G2; RR = 2.6, P = 0.030); (ii) in pN+/chemotherapy/trastuzumab-treated patients: low LVD (RR = 1.8, P = 0.042),
the number of involved lymph nodes (pN3 vs. pN1-2; RR = 2.3, P = 0.012) and the breast cancer subtype (expres-
sion of steroid receptors together with HER2 immunonegativity and high proliferation index vs. other breast cancer
immunophenotypes; RR = 3.0, P < 0.001). High LVD may identify high progression risk in pNO/chemotherapy/
trastuzumab-naive patients, and low progression risk in pN+/chemotherapy-treated patients. This phenomenon
might be explained by potential involvement of lymphangiogenesis in two processes related to cancer eradication:
a chemotherapy-stimulated activity of the immune system against cancer cells, or increased tumour drainage influ-
encing the efficacy of cytotoxic drugs.
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Introduction

Breast canceris a malignancy which is assumed
to spread mainly via the lymphatic system,
therefore, the number of tumour lymphatic ves-
sels might correlate with the probability of
patient survival [1]. The prognostic significance
of lymphangiogenesis was found in breast
[2-9], colorectal [10], head and neck cancer
patients [11], as well as in individuals suffering
from melanoma [12]. However, some research-

ers failed to find the relationship between the
aforementioned parameters and survival [13-
15]. Moreover, there is an urgent need for stan-
dardization and simplification of methods
applied for the assessment of lymphatic vascu-
larization and for future confirmatory studies on
its prognostic/predictive role [2-9, 13-16].

Hypothetically, the number of blood and lym-
phatic vessels in the tumour tissue is responsi-
ble for: (1) the spread of cancer cells leading to


http://www.ajtr.org

Prognostic role of lymphatic vascularity in breast cancer patients

metastases, (2) the delivery of nutrients and
oxygen to cancer cells, (3) the delivery of anti-
cancer drugs, and (4) activation/delivery of
immune cells, which are able to eradicate can-
cer cells. The first two processes may be pro-
cancerous, while the other two may be related
to better cancer curability. Theoretically, the
probability of intravasation (the passage of
cancer cells into the blood or lymphatic vessel)
is particularly high in “hot spots” (microscopic
fields with the highest number of lymphatics)
[7, 13, 14]. There are two possible explanations
of this assumption. The first is that “mecha-
nisms responsible for direct and indirect rela-
tionships between the tumour and the endo-
thelial cell populations are particularly active in
these highly vascular regions” [17]. They may
activate the motility of cancer cells and increase
the probability of their intravasation. The sec-
ond is that the probability of intravasation is
increased in “hot spots” because the number
of vessels is high [17]. Therefore, the “hot spot”
method is recommended for the assessment of
vascular density [7, 13, 14]. On the other hand,
we may speculate that in carcinomas with a
high number of vessels two processes associ-
ated with cancer cell killing might be particu-
larly active: (1) activation of the immune
response through lymphatic vessels-governed
transport of cancer antigen-bearing macro-
phages and dendritic cells to regional lymph
nodes, (2) better tumour drainage, which
causes more effective circulation of cytotoxic
drugs. Therefore, it might be expected that in
chemotherapy-treated breast cancer patients
(we assume the same or similar potential for
lymphangiogenesis in primary tumour and
metastasis) a high number of lymphatics might
indicate favourable survival.

The above-mentioned reasons prompted us
to study disease-free survival (DFS) and metas-
tasis-free survival (MSF) in chemotherapy/
trastuzumab-naive and chemotherapy-treated
patients with invasive ductal breast cancer,
according to well-established clinicopathologi-
cal factors, lymphatic vessel density assessed
in one “hot-spot” (LVD), and lymphovascular
invasion (LVI).

Material and methods
Patients
The retrospective analysis was performed in

a group of 358 patients (353 females and 5
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males) with locoregionally advanced invasive
ductal breast cancer, for whom we obtained
immunohistochemistry results (material ana-
lyzed in grants: N401 173 31/3808, NN 401
096 137, NN401 2344 33 financed by the
Polish Ministry of Science and Higher Educa-
tion, and DEC-2013/09/B/NZ5/00764 finan-
ced by the National Science Centre), and who
underwent standard therapeutic procedures
(surgery, chemotherapy, radiotherapy and tar-
geted therapy) in clinical departments of Maria
Sklodowska-Curie Memorial Cancer Centre and
Institute of Oncology, Krakow Branch, Poland.
Survival analysis was performed in the two sub-
groups, homogenous in terms of tumor stage
and treatment schedules: (1) 139 chemothera-
py-naive patients (pT1-2, pNO, MO; 134 females
and 5 males)-treated surgically between 1992
and 2006 according to previous treatment
standards (in this archival group we were able
to study patients’ natural history) (Table 1); (2)
219 women (pT1-4, pN1-3, MO) treated surgi-
cally between 2001 and 2013, who received
chemotherapy or chemotherapy/trastuzumab
in adjuvant setting (Table 1). We excluded all
pN+ patients who did not receive adjuvant che-
motherapy and all pN+/HER2-overexpressing/
trastuzumab-naive individuals.

Radiotherapy (RT) was performed in 186 pa-
tients (52% of all the analyzed), in all 24
patients after breast conserving surgery, and
in 162 patients (with more than 3 lymph nodes
involved) after mastectomy, who constituted
48.5%. RT was applied after chemotherapy
and before trastuzumab treatment. Trastuzu-
mab in the adjuvant setting was given to all
patients with tumors presenting HER2 overex-
pression. It is worth mentioning that in Poland,
trastuzumab in the adjuvant setting was in-
cluded for use as standard treatment in 2008.

The study was approved by Ethics Committee
at the Regional Medical Chamber in Krakow
although no specific consent was needed; this
was a retrospective study performed on arch-
ived tissues, with no direct patient contact, no
modification of diagnostic or treatment proce-
dures and no personal patients’ data was
revealed (No. 11KBL/OIL/2009 and 12KBL/
OIL/2009, in the case of DEC-2013/09/B/
NZ5/00764, decision of 4 December 2013).

Material

All archival material from tumour specimens
was re-examined independently by two pathol-
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Table 1. Treatment schedules for 358 invasive ductal breast cancer patients

139 Cht/ 219 ChT/

Parameter Category Total (N)  Tr-naive Tr-treated
patients (N) patients (N)
Local therapy Breast conserving surgery 24 12 12
Patey/Madden mastectomy 323 118 205
Halsted mastectomy 11 9 2
ChT Not administered 139 139 0
TAC 17 0 17
AC-T 67 0 67
AC 93 0 93
FAC 35 0 35
CMF 4 0 4
Taxanes 3 0 3
RT Not administered 168 122 46
Administered 186 17 169
HT Not administered 102 29 73
Tamoxifen 193 103 90
GnRH analogue 27 4 23
Tamoxifen + GnRH analogue 14 2 12
Aromatase inhibitor 4 1 3
Tamoxifen + Aromatase inhibitor 17 0 17
Tamoxifen + Aromatase inhibitor + GnRH analogue 1 0 1
Anti-HER2 therapy* Not administered 287 139 148
Administered 71 0 71

*In Poland, trastuzumab in the adjuvant setting was included for use in standard treatment in 2008. ChT: chemotherapy; HT:
hormonal therapy; RT: radiotherapy; Tr: trastuzumab; AC: doxorubicin and cyclophosphamide; FAC: 5-fluorouracil, doxorubicin,
and cyclophosphamide; TAC: docetaxel, doxorubicin, and cyclophosphamide; AC-T: doxorubicin, cyclophosphamide and pacli-

taxel; CMF: cyclophosphamide, methotrexate and 5-fluorouracil.

ogists (J.R., A.A.) in order to confirm the histo-
logical subtype (invasive breast carcinoma of
no special type, according to the current WHO
classification) [18] and tumour grade (Bloom-
Richardson scale in Elston-Ellis modification)
[19].

Immunohistochemistry (IHC)

Immunohistochemistry was performed on for-
malin-fixed, paraffin-embedded sections, cut at
4 pm, mounted on SuperFrostPlus (Menzel-
Glaser, Braunschweig, Germany) slides, and
then deparaffinized in xylene and rehydrated
through a series of alcohols.

After antigen retrieval (Target Retrieval Solu-
tion-TRS, pH = 6.0, Agilent Technologies Dako
Denmark A/S, Glostrup, Denmark: 50 min.
water bath at temperature 96°C), blocking of
non-specific binding of antibodies (UltraVision
Protein Block, Thermo Fisher Scientific, Wal-
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tham, MA USA) and quenching the activity of
endogenous peroxidases (0.3% H,0, in 100%
methanol for 30 min), slides were incubated
with primary antibodies (overnight at 4°C). We
applied the following antibodies: (i) podopla-
nin, clone: D2-40, dilution: 1:100 (Cell Mar-
que, Rocklin, California, USA); (ii) CD34, clone:
QBENd 10, dilution: 1:50, (iii) HER2, polyclonal,
dilution: 1:250; (iv) Ki-67, clone: MIB-1, dilution:
1:75 (Agilent Technologies Dako Denmark A/S,
Glostrup, Denmark); (v) ERa, clone: 6F11, dilu-
tion: 1:100; (vi) PR, clone: PGR/2, dilution:
1:200 (Leica Biosystems Newcastle Ltd, New-
castle, UK). Finally, the slides were incubated
with BrightVision (ImmunoLogic, Duiven)-30
min. at room temperature and 3,3’-diamino-
benzidine (DAB, Vector Laboratories, Burlin-
game, USA)-5 min. room temperature. In the
case of 136 (T1-T2, NO, MO) carcinomas treat-
ed between 1992 and 2000, for visualization
of ER, PR, HER2 and MIB-1, DAKO EnVision sys-
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Figure 1. Tumour slides stained immunohistochemically against endothelial cells of blood vessels (anti-CD34 an-
tibody; violet colour) and podoplanin as a marker of lymphatic vessels (brown colour): (A-C) The tumor sections
with podoplanin-stained lymphatic vessels (brown colour) and CD34-stained blood vessels (violet colour): (A, B)
Podoplanin-stained lymphatic vessels with lumen (white arrows), (C) podoplanin-stained lymphatic vessels without
lumen (white arrowhead); (D-F) The tumor sections with CD34-stained blood vessels (violet colour) and without
podoplanin-stained lymphatic vessels; (G-I) The tumor sections with lymphatic vessel invasion (black asterisks); (A,
F) White asterisks indicate cancer associated fibroblasts stained for podoplanin, Microphotographs were taken at
10 x (objective) magnification.

1438 Am J Transl Res 2017;9(3):1435-1447
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tem (Agilent Technologies Dako Denmark A/S,
Glostrup) was applied. For patients treated
after 2007, the data on ER, PR and HER2 sta-
tus were retrieved from the patients’ files.

Visualization of podoplanin and CD34 was per-
formed on the basis of double-staining proce-
dure with the application of VIP (violet colour)
and DAB (brown colour) as peroxidase sub-
strates (Vector Laboratories, Burlingame, USA)
(Figure 1A-l). Finally, the slides were counter-
stained with Mayer’s hematoxylin.

IHC evaluation

All evaluations were performed blinded to the
study endpoint. Podoplanin-stained vessels
with visible lumen (Figure 1A, 1B arrow) or
without lumen (Figure 1C, arrowhead) with lym-
phatic vessel characteristics, clearly distin-
guishable from podoplanin-positive cancer
associated fibroblasts (Figure 1A, 1C, 1F, white
asterisk), and other tissue structures and cells
were included into lymphatic vessel density
assessment. Lymphatics from intratumoral,
peripheral and peritumoral areas of the tumour
were included in LVD assessment. In the peritu-
moral area, only vessels located at a distance
of about 900 um from the tumour tissue were
included in the vessel count. Podoplanin im-
munopositivity of myoepithelial cells was an
internal positive control.

LVD was assessed with digital image analysis
using BX 41 microscope, DP71 camera and
Cell D software (Olympus Europa GmbH,
Hamburg, Germany). The whole tumour section
was scanned (4 x objective), and about 20
fields with a high number of lymphatics were
selected (10 x objective = area 1.46 mm? of
the microscopic field) for counting. In each of
the 20 selected fields podoplanin-positive ves-
sels were marked manually and then counted
automatically. Out of these 20 fields, the one
with the highest number of lymphatics was
selected. The number of vessels in the afore-
mentioned high-power field (“hot spot”) was
recognized as LVD and expressed as the num-
ber of vessels per 1 mm? [17].

Lymphatic vascular invasion (LVI) was consid-
ered evident if at least one tumour cell cluster
was clearly visible inside the podoplanin-
stained vascular space. This parameter was
assessed in intratumoral, peripheral and peri-
tumoral areas (Figure 1G-I, black asterisk).

1439

Nuclear expression of estrogen receptor o (ER)
and progesterone receptor (PR) were consid-
ered positive if > 1% of tumour cells showed
immunopositivity [20]. HER2 overexpression
was defined as IHC score 3+ or IHC score 2+
confirmed by FISH [21].

MIB-1 labelling index (MIB-1LI) was calculated
as a percentage of cancer cells with nuclear
Ki-67 expression. For each slide, between 500
and 1000 cells (at 400 x magnification) were
counted in 5-10 high-power fields. MIB-1LI
was assessed twice by two observers and the
mean value of the two measurements was
calculated.

On the basis of ER/PR/HER2 expression and
MIB-1LI, four breast cancer immunopheno-
types were distinguished: (1) luminal A (LA):
ER+ and/or PR+, HER2- and MIB-1LI < 28%, (2)
luminal B: (i) ER+ and/or PR+ and HER2+
(LBHER2) or (ii) ER+ and/or PR+, HER2- and
MIB-1LI > 28%, (LBhighMIB) (3) HER2-overex-
pressing (HER2): ER- and PR- and HER2+, and
(4) triple-negative phenotype (TNP): ER- and
PR- and HER2-. We decided to choose 28% as a
cut-off value for MIB-1LI, which is a little higher
than 20% recommended by St. Gallen experts
[22] because it was the most significant cut-off
point in survival analysis in all the subgroups
we studied.

Statistical analysis

The STATISTICA v.12 software (StatSoft, Inc.
Tulsa, OK, USA) was used for all calculations. P
value < 0.05 was considered significant. The
relationship between LVD and pN or tumour
grade, or breast cancer subtypes was studied
using one-way ANOVA. For the assessment of
independence between two categorical vari-
ables like LVI and pN or tumour grade, or breast
cancer subtypes Pearson x? test was used
(more than two columns).

Disease-free survival (DFS) was defined as the
time (number of months) from surgery to the
occurrence of distant metastasis or local recur-
rence, while metastasis-free survival (MFS) as
the time from surgery to the occurrence of dis-
tant metastasis. Cumulative survival probabili-
ties were calculated using the Kaplan-Meier
method. The minimum P-value method of the
log-rank test was applied for the selection of
cut-off points for LVD. The differences between

Am J Transl Res 2017;9(3):1435-1447
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Table 2. Relationship between LVD or LVI and clinicopathological parameters in 358 patients with
invasive breast cancer

LVD (vessels/mm?) LvI
Parameter Category N Mean + SD kA AbsentN _ PresentN i o
All cases 358 9.0+121 300 58
pN 0 139 50+14.2 131 8
1%* 124 11.3+8.9 102 22
2% 62 12.3+11.4 42 20
3** 33 10.7 £+ 9.6 <0.001 25 8 <0.001
Grade* 1 46 8.4 +23.7 45 1
2 139 7.7+9.4 131 8
3 170 10.2 £9.2 0.180 121 49 <0.001
Breast cancer subtype LA 160 6.3+8.7 150 10
LBhighMIB 49 13.6 £22.8 41 8
LBHER2 49 74 +6.8 40 9
HER2 41 12.8 £+ 10.8 28 13
TNP 59 10.8 + 9.7 <0.001 41 18 <0.001
LVI Absent 300 79+ 12.2 - -
Present 58 14.3 + 10.1 <0.001 - - -

*@G was not assessed in 2 cases, **chemotherapy-treated patients, ***from ANOVA test, ****Pearson x? test (for more

than two rows); LA (luminal A): ER+ and/or PR+, HER2- and MIB-1LI < 28%, LBHER2 (HER2-positive luminal B): (i) ER+ and/or
PR+ and HER2+; LBhighMIB (HER2-negative luminal B with high MIB-1LI): ER+ and/or PR+, HER2- and MIB-1LI > 28%; HER2
(HER2-overexpressing): ER- and PR- and HER2+, and TNP (triple-negative phenotype): ER- and PR- and HER2- ; LVD, lymphatic

vessel density; LVI, lymphovascular invasion.

survival rates according to LVD, LVI, breast can-
cer subtype, tumor grade and nodal involve-
ment (all categorized into two subgroups) were
evaluated with the log-rank test.

All variables significant in the univariate analy-
sis were entered into Cox multivariate analysis.
The joint effect of the remaining covariates was
analysed using Cox proportional hazard model
with the stepwise regression procedure.

Results

The relationship between clinico-pathological
parameters and LVD

Podoplanin-stained lymphatic vessels were
found in 311/358 (86.9%) breast carcinomas,
while in 47/358 (13.1%) such vessels were not
visible in the tumour section (Figure 1D-F). The
mean value of LVD was 9.0 + 0.6 (SE) vessels/
mm? (median value 5.9, range 0-160.2).

LVD was significantly lower in patients with: (i)
pNO tumour stage, (ii) luminal A breast cancer
subtype and (iii) carcinomas without LVI (Table
2, P <0.001).
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Low-grade tumours, pNO carcinomas, and lumi-
nal A cancers less frequently presented lym-
phatic vascular invasion (Table 2, P < 0.001).

Survival analysis

In a group of 139 patients (pT1-2, pNO, MO
treated between 1993 and 2006), 114 pati-
ents survived without progression, 16 devel-
oped distant metastases, 4 suffered from local
recurrence, while in 5 cases both distant me-
tastases and local recurrence were diagnosed.
In this group, the follow-up time ranged bet-
ween 1 and 238.2 months with the median
value 133.7. Twelve patients were followed-up
for <60 months, 40 for 61-120 months, 66 for
121-180 months, while 21 individuals for more
than 180 months. On the other hand, in a group
of 215 patients (out of 219 included; pT1-4,
pN1-3, MO treated between 1984 and 2011),
166 patients survived without progression, in
39 distant metastases occurred, 3 developed
local recurrence, while in 7 cases both distant
metastases and local recurrence were diag-
nosed. In this group, the follow-up time ranged
between 9.4 and 130 months with median
value 77.3. Nineteen patients were followed-up

Am J Transl Res 2017;9(3):1435-1447
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Figure 2. Disease-free survival in chemotherapy/trastuzumab-naive subgroup and chemotherapy-treated subgroup
according to: (1) lymphatic vessel density (A, E); (2) lymphatic vessel invasion (B, F); (3) breast cancer subtype: lu-
minal A (LA): ER+ and/or PR+, HER2- and MIB-1LI < 28%; HER2-positive luminal B (LBHER2): ER+ and/or PR+ and
HER2+, HER2-negative luminal B with high MIBLI (LBhighMIB): ER+ and/or PR+, HER2- and MIB-1LI| > 28%; HER2-
overexpressing (HER2): ER- and PR- and HER2+, and triple negative phenotype (TNP): ER- and PR- and HER2- (C, G);
(4) tumour grade (D); (5) pN (H). The number of patients with metastases or recurrence as compared to the number

of patients without progression is presented in brackets.

for <36 months, 46 patients for 37-60 months,
150 for over 60 months.

In chemotherapy-naive patients, significant
(with P-value < 0.05) differences in the survival
rate between the groups were found with cut-
off points (found using the minimum p-value
method of the log-rank test) ranging from 5.0 to
8.5 vessels/mm?2. In chemotherapy/trastuzum-
ab-treated patients, significant differences in
the survival rate between the groups were
found with cut-off points ranging from 7.0 to 17
vessels/mm?. Finally, the value of 7.0 vessels/
mm? (7.0 is the 60th percentile of LVD) was
established as the cut-off point for both groups.

Univariate analysis

The probability of DFS according to LVD, breast
cancer subtype, tumour grade and nodal
involvement is shown in Figure 2A-H. In chemo-
therapy/trastuzumab-naive patients, high LVD
(> 7 vessels/mm3), LVI, breast cancer subtype
other than LA + LBhighMIB and high grade
were related to unfavourable DFS and MFS (for
DFS: P = 0.026, P = 0.005, P = 0.013, P =
0.005 respectively, Figure 2A-D; for MFS: P =
0.009, P = 0.045, P = 0.013, P = 0.004
respectively).

On the other hand, in chemotherapy-treated
patients we noted significantly unfavourable
DFS and MFS in patients with tumours pre-
senting LVD < 7 vessels/mm? as compared to
patients with tumour LVD > 7 vessels/mm? (for
DFS: P =0.019, Figure 2E, for MFS: P = 0.014).
Moreover, in chemotherapy-treated patients,
poor DFS and MFS were observed for LBhigh-
MIB vs. LA + LBHER2 + HER2 + TNP and for
pN3 vs. pN1-2 (for DFS: P < 0.001 and P =
0.008 respectively, Figure 2G, 2H; for MFS: P <
0.001 and p = 0.003 respectively). In the afore-
mentioned group, LVI (Figure 2F, P = 0.768) and
tumour grade (P = 0.610) were not significant.

Multivariate analysis

In chemotherapy/trastuzumab-naive patients,
the following parameters were significant inde-
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pendent adverse factors for high progression
risk: a. For DFS: (i) LVD > 7 vessels/mm? (RR =
2.7, 1.0 < 95% confidence interval (Cl) < 6.8, P
=0.039); (ii) LVI(RR=3.3, 1.0 < 95% Cl < 10.4,
P = 0.046); (iii) G3 (RR = 2.6, 1.1 < 95% CI <
6.1, P =0.030). b. For MFS: (i) LVD > 7 vessels/
mm? (RR = 3.7, 1.4 < 95% Cl < 9.4, P = 0.007);
(i) G3 (RR=3.5,1.5<95% Cl < 8.4, P=0.004).

In chemotherapy/trastuzumab-treated patients,
the following parameters were significant inde-
pendent adverse factors for high progression
risk: a. For DFS: (i) LVD < 7 vessels/mm? (RR =
1.8,1.0<95% Cl < 3.2, P =0.042); (ii) pN3 (RR
=23, 1.2 < 95% Cl < 4.3, P = 0.012); (iii)
LBhighMIB (RR = 3.0, 1.7 < 95% Cl < 5.5, P <
0.001). b. For MFS: (i) LVD < 7 vessels/mm? (RR
=1.9, 1.1 < 95% Cl < 3.4, P = 0.029); (ii) pN3
(RR=2.5,1.3 <95% Cl < 4.8, P = 0.005); (iii)
LBhighMIB (RR = 3.0, 1.6 < 95% Cl < 5.5, P <
0.001).

Discussion

In the present study, a high number of lymphat-
ic vessels in the most vascularized intratumoral
“hot-spot” (high LVD), as well as LVI were
adverse prognostic factors for DFS in a group
of pNO/chemotherapy/trastuzumab-naive pa-
tients. Our results confirm the findings of other
authors who reported an unfavourable out-
come in individuals with tumours presenting
high LVD [3-9] or LVI [4 (significant only in young
patients), 13-15]. The relationship between
high LVD and unfavourable DFS in chemothera-
py/trastuzumab-naive patients confirms that
the presence of highly vascularized “hot spots”
might identify the increased risk of cancer cell
intravasation in areas with an intensive “dialog”
between cancer cells and endothelial cells, and
hence, a higher risk of metastasis formation
[17, 23].

On the other hand, in chemotherapy/trastu-
zumab-treated patients with synchronous ly-
mph node metastases, contrary to the above-
discussed group, we found a low risk of cancer
spread in patients with tumours presenting
high LVD.
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Table 3. Main characteristics, methodological aspects and results of studies evaluating lymphatic vessel density (LVD)
No. of patients included into LVD

First author, year Correlation between Lack of correlation . DFS
of ublicatior): the study [Percentage of: N+; aCHT assessment hish LVD and between LVD and Cut-off point  0OS Cox
P G3; ER+; PR+; HER2+; ductal] method g
Schoppmann, 374 [43.3; 40.4; 77.0; ?; ?; 87.4] 123 1 “hot spot”/field  Age, 1G, LVI, menopaus- N, pT, histology, ER ? NS NS NS
2004 [13] al status
Nakamura, 2005 113, MO [49.6; 33.6; 59.3; 55.8; 113 5 “hot spots”/field T, {N, |ER, HER2, 1LVI, Age, histology, PR, LVD =10 S* S* NS
[3] 28.3;92.0] VEGF-C p53, G
van der Schaft, 121 [42.1; 16.5; 53.7; 43.8; ?; 4 randomly se- None Both ST and IT: age, Median STLVD:NS (inTu STLVD:NS(inTu -
2007 [4] 100.0] lected fields/mm?2, ER, PR, T,G, N and LNM) and LNM)
in IT and ST area IT LVD: NS (in Tu), IT LVD: NS (in
S* (in LNM) Tu), S* (in LNM)
Mylona, 2007 [5] 146, LVD was assessed only in 111, 85 5 “hot spots”/mm? None TNM, G, T, N, ER, LVD = 15 (up- S* onlyin ER- S* only in ER- NS
without preCHT, preRT [59.6; 24.3; PR, topolla, VEGF-C,  per quartile)
55.5; 48.2; ?; 80.0] VEGF-D
El-Gohary, 2008 48, without preCT, preRT [50.0; 18.8; ? 1 “hot spot” as- ITand PT LVD: N, 1T, IT and PT LVD: histo-  ? NS NS -
[14] 70.8; 70.8; 29.2; 56.3] sessed in IT and TNM, 1G, LVI, 1BVI logy, ER, PR, VI
PT area Perit LVD: HER2,
Zhang, 2008 [6] 70, unilateral, MO, without preCHT, ? 5 “hot spot”/field VEGF-C and COX-2 Other correlationno  ? - - DFS: S*
preRT [45.7; 41.4; 77.1; 65.7; 18.6; studied 0S:S*
84.3]
Gu, 2008 [7] 61, MO, without preCHT, preRT [52.5; 61 aCHT 1 “hotspot”/field N, TNM Histology, age, ER, PR, LVD =6 (me- S* S* -
9.8; 59.0; 65.6; 37.7; 85.2] and/or HT HER2 dian)
Mohammed, 2009 177, without preCHT, preRT [29.0; 132 aCHT All vessels in PTNM (IT, PP, PT, tot), Age, T, histology, MVD totLVD = 1.37  In 132 with aCHT In 132 with aCHT NS
[8] 29.4;66.7; 56.4; ?; ?] and/or HT whole section/ LER(IT, PP, tot), |PR (median) (totLVD)S* (totLVD)S*
mm?Zin IT, PT (IT), 1G (IT), TN (IT, PP,
and PP PT, tot), LVI (tot)
Tsutsui, 2010 [9] 242, MO, invasive ductal [43.3; ?; 208 3 “hot spots” field N, tMIB-1, VEGF-A, T, ER LVD = 10.67 - S* NS
43.8;7?; ?; 242] MVD, tAkt (55" percentile)
Mohammed, 2011 397 including: (i) 197 basal (CK5/6+ ? All vessels in None Basal, T, G, ER, PR (in LVD=1.43 NS (in basaland NS (in basal and NS
[15] and/or CK14+), < 1.5 cm, NO and whole section/ basal and TNP) (median) TNP) TNP)
200 non-basal, NO (ii) 99/397: TNP mm?

[0; 50.3; 54.4; 41.6; ?; ?]
N: nodal status; G: grade; T: tumour size; TNM: stage; ER: estrogen receptor; PR: progesterone receptor; HER2: human epidermal growth factor receptor 2; TNP: triple-negative phenotype (ER-/PR-/HER2-); ?: unknown data; LVD: lymphatic
vessel density; LVI: lymphatic vessel invasion, BVI: blood vessel invasion, VI: vessel invasion in H&E staining; Tu: tumour; LNM: lymph node metastases; ST: stromal area; IT: intratumoral area; PT: peritumoral area; PP: peripheral area; tot:
IT+PT+PP area; aCHT: adjuvant chemotherapy; preCHT: pre-operative chemotherapy; HT: hormonal therapy; preRT: preoperative radiotherapy; OS: overall survival; DFS: disease-free survival; |: negative correlation; 1: positive correlation; +:
presence of a particular feature; -: absence of a particular feature, NS: not significant; S: significant, *: high LVD related to poor patients survival.
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The relationship between favourable survival
and a high number of lymphatics in N+/chemo-
therapy-treated patients has previously been
found [24], however, in the great majority of
studies such relationship has not been report-
ed (Table 3). This might result from the fact
that, to the best of our knowledge, none of the
researchers (Table 3) have analysed survival
separately for pN+/chemotherapy/trastuzum-
ab-treated and pNO/chemotherapy/trastuzum-
ab-naive patients. Moreover, we analysed prog-
nostic significance of LVD and LVI in one of
the largest groups of patients which was ho-
mogeneous in terms of treatment (Table 3).
Additionally, we included only tumours with
known steroid receptor status, HER2 and
MIB-1LI.

We can speculate that a high number of intratu-
moral lymphatic vessels (identifying favourable
DFS in chemotherapy-treated patients) might
be related to chemotherapy/trastuzumab-
induced activation of the immune system
against cancer cells [25-28]. Lymphatic vessels
involvement in anticancer activity of immune
cells (and favourable survival as a conse-
quence) might be pursued by: (i) recruitment of
leukocytes (macrophages and dendritic cells)
from blood vessels by chemokines secreted by
lymphatic endothelium and (ii) transport of
cancer antigen-bearing macrophages and
dendritic cells to regional lymph nodes in order
to present them to lymphocytes [25]. This
activation might be enhanced by the applica-
tion of chemotherapy, particularly chemothera-
py together with trastuzumab [28]. To sum-
marize, the success of anti-cancer action of
adjuvant chemotherapy may depend on pre-
existing immune response, and may be greater
in patients with carcinomas presenting a high
number of tumour-infiltrating lymphocytes
(TILs) and/or high LVD. In our series, the
assessment of TILs and other parameters
related to anti-cancer activity of immune cells
is in progress. Another explanation of low risk
of cancer spread in patients with tumours
presenting high LVD is better tumour drainage,
which improves the efficacy of cytotoxic drugs
in Killing cancer cells.

In our study, in pNO/chemotherapy/trastuzum-
ab-naive patients LVI was a significant indicator
of poor survival, while in pN+/chemotherapy/
trastuzumab-treated patients it was insignifi-
cant. This confirms our previous suggestion
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that LVI is particularly important in early-stage
breast cancer [29, 30].

The same parameters (except LVI in chemo-
therapy-naive patients) influenced MFS and
DFS, because in the whole group (354 patients)
there were only 7 patients who developed only
local recurrence (without distant metastases -
for details, see Survival analysis).

The correlation between LVD or LVI and nodal
involvement, found in the present study, addi-
tionally reaffirms the suggestion of lymphatic
vessel-related spread of cancer cells. The rela-
tionship between high LVD or LVI and lymph
node metastases was also reported by other
researchers [for LVD: 3, 7-9, 14, for LVI: 13, 14],
of whom the majority [3, 7-9, 14] used the “hot-
spot” method (Table 3). The results of our stu-
dy confirm the relationship between a high
number of lymphatic vessels and ER/PR nega-
tivity found by other researchers [3, 8, 31].
Moreover, in HER2 and TNP carcinomas we
noted higher LVD and found LVI more frequent-
ly (Table 2). El-Gohary and co-workers [14]
found a similar negative correlation between
ER/PR status and LVI, as well as a positive
correlation between HER2 overexpression and
LVI. However, in most studies the relationship
between LVD and breast cancer immunophe-
notype was not found [4, 5, 7, 9, 13-15] (Table
3). Some authors found a statistically signifi-
cant relationship between a high number of
lymphatics and tumour grade (in the present
study the difference was statistically insignifi-
cant) [8, 13, 14] (Tables 2, 3), while others did
not [3-5, 15] (Table 3). In our and other authors’
studies LVI was observed more frequently in
high-grade tumours [13, 14]. These discrepan-
cies may result from different methodology
applied for LVD assessment (Table 3) and dif-
ferent clinico-pathological characteristics of
the study groups.

In chemotherapy/trastuzumab-naive patients
we found ER/PR immunopositivity and HER2
negativity as significant indicators of better sur-
vival, which warrants current treatment recom-
mendations [22]. It is worth pointing out that in
chemotherapy/trastuzumab-treated individu-
als, LBhighMIB subtype (as compared to other
subtypes) was an indicator of high risk of can-
cer spread. Taking into account the fact that all
patients from the study group received optimal
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(according to current standards) chemothe-
rapy and targeted therapy, the result suggests
the need for new therapies for patients with
tumours presenting ER/PR positivity and high
proliferative potential. To verify the hypothesis
about the relationship between high LVD and
favourable survival in pN+/chemotherapy-treat-
ed patients, we plan to extend the study group
and assess the presence of TILs and the pat-
tern of their distribution, as well as other
parameters related to anti-cancer activity of
immune cells.

Conclusion

The results obtained from our present study
concerning pNO/chemotherapy-naive patients
confirm the hypothesis that a high number of
lymphatics or the presence of lymphovascular
invasion may indicate high risk of metastasis
formation. On the other hand, in pN+/chemo-
therapy-treated patients, we found high LVD as
an indicator of favourable survival. This rela-
tionship might be explained by potential involve-
ment of lymphangiogenesis in two processes
related to cancer eradication: the activation of
the immune system against cancer cells or
increased tumour drainage, which improves the
efficacy of cytotoxic drugs. It might be particu-
larly important for planning new anti-cancer
strategies such as anti-angiogenic/-lymphangi-
ogenic targeted therapies or immunotherapy.
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