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Abstract

Extratumoral lymphatic permeation (ly-ext) has been reported as an independent
poor prognostic factor for lung adenocarcinoma, but whether or not the number of
ly-ext foci is associated with prognosis and its relationship to the immune microen-
vironment is unclear. We counted the number of ly-ext foci on pathological slides
from patients with completely resected lung adenocarcinoma with ly-ext, and divided
them into two groups: a group with a high number of ly-ext foci (ly-ext high) and one
with a low number of ly-ext foci (ly-ext low). Among the patients with ly-ext, only a
high number of ly-ext foci was an independent poor prognostic factor. The 3-year
recurrence-free survival (RFS) rate of the ly-ext high group was significantly lower
than that of the ly-ext low group (14.7% vs. 50.0%, P < 0.01). Then, we analyzed the
immune microenvironment of pT1 lung adenocarcinoma with ly-ext (13 cases of ly-ext
high and 11 cases of ly-ext low tumor) by immunohistochemistry using antibodies for
stem cell markers (aldehyde dehydrogenase 1 A1 and CD44), tumor-promoting mucin
(MUC1), tumor-infiltrating lymphocytes (CD4, CD8, FOXP3, and CD79a), and tumor-
associated macrophages (CD204). The number of CD8+ TILs within the primary le-
sion was significantly lower and the number of FOXP3+ TILs within the primary lesion
was significantly higher in the ly-ext high group (P < 0.05 and P < 0.01, respectively).
Our results indicated that a high number of ly-ext foci was an independent poor prog-
nostic factor. Moreover, tumors with high numbers of ly-ext foci had a more immuno-

suppressive microenvironment.

Abbreviations: ALDH1A1, aldehyde dehydrogenase 1 Al; CD, cluster of differentiation; Cl, confidence interval; FOXP3, Forkhead boxprotein P3; HE, hematoxylin-eosin; HR, hazard
ratio; IL, interleukin; LN, lymph node; ly-ext, extratumoral lymphatic permeation; MUC, mucin; NSCLC, non-small-cell lung cancer; OS, overall survival; RFS, recurrence-free survival;

TAM, tumor-associated macrophage; TGF, transforming growth factor; TIL, tumor infiltrating lymphocyte; TNM, Tumor-Node-Metastasis; VEGF, vascular endothelial growth factor;

VVG, Verhoeff-Van Gieson.
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1 | INTRODUCTION

Lung cancer is one of the most lethal cancers worldwide, and ade-
nocarcinoma is the most common histological type of lung cancer.
Surgery is still the most effective treatment for locally advanced
NSCLC, but some patients who undergo complete resection expe-
rience relapse. There have been various studies on the clinicopatho-
logical factors associated with postoperative recurrence of NSCLC.

Many studies have highlighted the prognostic importance of
lymphovascular invasion.® In lung cancer, vascular invasion and lym-
phatic permeation are assessed only by its presence or absence, and
their location and quantity have not been noted in the current TNM
classification.

We previously reported that lymphatic permeation of lung cancer
has a different prognostic impact depending on whether it is inside
or outside the primary lesion. Saijo et al.’ reported that the RFS time
of patients with ly-ext was significantly shorter than that of patients
with intratumoral lymphatic permeation. Matsumura et al.® found that
the rates of OS and RFS of patients with T1 and T2 tumors with ly-ext
were comparable to those of patients with T3 tumors. However, the
impact of the number of ly-ext foci on prognosis was unclear.

Cancer tissue comprises not only cancer cells but also different
kinds of stromal cells, such as TILs or TAMs, which are commonly
found in association with cancer cells. TAMs promote cancer pro-
gression by producing cytokines involved in angiogenesis, matrix
remodeling, tumorigenesis, and immunosuppression.” TILs regulate
cancer progression by playing two conflicting roles: suppressing
tumor growth and promoting tumor progression. Recently, regula-
tory T cells in cancer stroma were reported to enable cancer cells to
escape host immune surveillance in several cancers by inhibiting cy-
totoxic T cells and inducing an immunosuppressive environment.*°

In this study, we examined whether the number of ly-ext foci
is a prognostic factor among patients with ly-ext. Furthermore, we
aimed to identify the differences in the immune microenvironment

associated with high or low number of ly-ext foci.

2 | MATERIALS AND METHODS

2.1 | Patients

We retrospectively reviewed a total of 1865 patients who under-
went lung resection for primary lung adenocarcinoma between
January 2010 and December 2017 in our hospital. Patients who
had undergone incomplete resection, sublobar resection, and pre-
operative therapies, including chemotherapy or radiotherapy, were
excluded from this study. The remaining 1458 patients were finally
enrolled in this study. A flowchart of the case selection is shown

in Figure S1. This study was approved by the Institutional Review
Board of the National Cancer Center (approval numbers 2020-453)
and informed consent was obtained from all patients and conformed

to the provisions of the Declaration of Helsinki.

2.2 | Evaluation of clinicopathological factors

We reviewed the clinicopathological characteristics of the patients
from the available medical records. The following clinicopathological
factors were investigated retrospectively to assess their prognostic ef-
fect: age, sex, smoking history, pT status, pN status, vascular invasion,
lymphatic permeation, pleural invasion, and intrapulmonary metastasis.

2.3 | Histological examination

All specimens were fixed with 10% formalin via infusion through
the bronchial tree and then embedded in paraffin. The tumors were
sliced at approximately 5 mm intervals and serial 4 um sections were
stained with HE. VVG staining was performed to evaluate blood
vessel and pleural invasion in all cases. Lymphatic permeation was
determined via sections stained with HE based on the following
criteria: more than one tumor cell floating in vessels without sup-
porting smooth muscles or elastic fibers within the bronchovascular
bundle, subpleural, and intralobular pleural space. The slides were
reviewed by two pathologists (TN and Gl). We classified lymphatic
permeation into the following three categories: ly0, absence of lym-
phatic permeation; ly-int, presence of intratumoral lymphatic per-
meation; and ly-ext, presence of extratumoral lymphatic permeation
(Figure S2). Tumors with both ly-int and ly-ext were classified as ly-
ext. Histological typing was based on the 5th revised World Health
Organization histological classifications. All the tumors were patho-
logically staged using the 8th edition of the TNM classification of
lung cancer published by the Union for International Cancer Control.

2.4 | Counting the number of ly-ext foci

All HE-stained slides were scanned using the Aperio scan system
(Leica Biosystems). We counted the total number of ly-ext foci in all
slides made from a slice that contained the maximum cut surface of
tumor. If there were no ly-ext foci in a slice of the maximum cut sur-
face of the tumor, we searched for ly-ext foci in the slices that were
directly above or below that slice. We measured the area outside the
tumor where extratumoral lymphatic permeation was located (Figure
S3). We counted the total number of ly-ext foci and calculated the
total number of ly-ext foci per square centimeter in the slice.



NIIMI ET AL.

2.5 | Antibodies and immunohistochemical staining

The primary antibodies used in this study are listed in Table S1. We
took 4 pm sections from the blocks and stained them with antibod-
ies using a BenchMark ULTRA automated immunohistochemical
slide staining system (Ventana Medical Systems).

2.6 | Calculation of immunohistochemical scores

Immunostaining scores of CD44, ALDH1A1, and MUC1 were cal-
culated from the staining-intensity scores and percentages of posi-
tively stained cells. The staining intensity scores were as follows:
0, negative, total absence of staining; 1+, weak staining; and 2+,
strong staining. These were multiplied by the percentages of im-
munohistochemically stained tumor cells per section (0%-100%),
resulting in scores ranging from O to 200. The numbers of CD4+ T

TABLE 1 Clinicopathological
characteristics according to lymphatic

permeation status Characteristics

Age (year)
Median (range)
Sex
Male
Female
Smoking
Ever
Never
pT status
Tis
T1
T2
T3
T4
pN status
NO
N1
N2
Vascular invasion
V-
v+
Pleural invasion
pl-
pl+
PM
pm-

pm+
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cells, CD8+ T cells, FOXP3+ T cells, CD7%9a+ B cells, and CD204+
tumor-associated macrophages were counted on virtual slides
using high-power fields (0.0625 mm?*/field). Lymphocytes and mac-
rophages were counted in the stromal area between cancer nests
within primary lesion and in ly-ext foci. For the primary lesion, the
averages of the number of positive cells in five high-power fields se-
lected at random were recorded as their scores. About in ly-ext foci,
we chose the lymphatic vessels with the highest number of tumor
cell infiltrations for evaluation. All the immunohistochemical slides
were assessed by two pathologists (TN and Gl). Both were unaware
of the clinical and pathological information.

27

Statistical analysis

Fisher's exact test and chi-square test were used to compare the

clinicopathological factors between the two variables. The OS and

lyO (%) ly-int (%) ly-ext(%) P P
n=1288 n=78 n=92 lyO vs. ly-ext ly-int vs. ly-ext
69 (33-93)  69(41-86) 65(30-88) <0.01 0.01
685 (53) 40 (51) 59 (64) 0.051 0.12
603 (47) 38 (49) 33(36)

744 (58) 48 (62) 59 (64) 0.27 0.75
544 (42) 30(38) 33(36)

58 (5) 0 0 <0.01* 0.19*
837 (65) 35 (45) 29 (32)

306 (24) 30 (38) 40 (43)

58 (5) 9(12) 16 (17)

29 (2) 4 (5) 7 (8)

1110 (86) 42 (54) 17 (18) <0.01** <0.01**
90 (7) 19 (24) 26 (28)

88 (7) 17 (22) 49 (53)

955 (74) 41 (53) 25(27) <0.01 <0.01
333 (26) 37 (47) 67 (73)

1003 (78) 47 (60) 45 (49) <0.01*** 0.17***
285 (22) 31 (40) 47 (51)

1260 (98) 74 (95) 77 (84) <0.01**** 0.03****
28 (2) 4(5) 15 (16)

Note: *pTis-2 vs pT3-4, **pNO vs pN1-2, ***pl+ vs pl-, ***pm+ vs pm-.

Abbreviations: ly-ext, extratumoral lymphatic permeation; ly-int, intratumral lymphatic permeation;
PM, intrapulmonary metastasis.
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RFS rates were estimated using the Kaplan-Meier method and
compared using the log-rank test. Univariate and multivariate Cox
regression analyses were performed to assess the impact of clinico-
pathological factors on OS and RFS. We divided patients with ly-ext
into two groups with the median number of ly-ext foci as a cut-off
value, and the impact of the number of ly-ext foci on RFS of patients
with ly-ext were assessed. The Mann-Whitney U test was used to
evaluate the immunostaining scores. All statistical calculations were
performed using JMP Pro software (version 12.2.0, SAS Institute).
Results were considered significant when the P value was <0.05.

3 | RESULTS

3.1 | Clinicopathological characteristics of all
patients

The median age was 69 years (range 30-93), and 784 patients (54%)
were men. A total of 851 patients (58%) had a history of smoking. A
total of 289 patients (20%) had lymph node metastasis. Vascular in-
vasion, pleural invasion, and lymphatic permeation were detected in
437 (30%), 363 (25%), and 170 (12%) patients, respectively (Table S2).

3.2 | Differences in clinicopathological
characteristics between patients with ly-ext and
those with ly-int

The number of patients classified as lyO (absence of lymphatic
permeation), ly-int (presence of intratumoral lymphatic permea-
tion), and ly-ext (presence of extratumoral lymphatic permeation)
were 1288 (88%), 78 (5%), and 92 (6%), respectively. Patients with
lyO or ly-int were significantly younger than those with ly-ext (lyO
vs. ly-ext P < 0.01 and ly-int vs. ly-ext P < 0.05), but the sex and
smoking history of the patients were not significantly different
among the groups (Table 1). Patients with ly-ext had significantly
advanced nodal disease (pN1-2; 81% (ly-ext) vs. 46% (ly0) and
14% (ly-int); P < 0.01 and P < 0.01, respectively) and intrapulmo-
nary metastasis (pm1 and pm2;16% (ly-ext) vs. 2% (ly0) and 5%
(ly-int); P < 0.01 and P < 0.05, respectively) compared to the oth-
ers. Compared to patients without lymphatic permeation, patients
with ly-ext had more advanced pT status (pT3 and pT4; 25% (ly-
ext) vs. 7% (ly0); P < 0.01) and pleural invasion (pl+; 51% (ly-ext)
vs. 22% (ly0); P < 0.01). The median number of extratumoral infil-
trated lymphatic vessels in the ly-ext patients was 5 (range 1-210;
Figure 1A).

FIGURE 1 Representative
hematoxylin-eosin (HE) and anti-D2-40
staining according to the number of
extratumoral lymphatic permeation
(ly-ext). (A) The x axis represents each
case and the y axis represents the
logarithmic scale of ly-ext foci numbers.

The histogram shows that median number
of ly-ext foci was 5 (range 1-210) in all

cases with ly-ext. (B) Example of an HE
staining slide of ly-ext foci in tumors

of patients from the ly-ext high group.
Arrows indicate ly-ext foci. (C) Example

of a D2-40 staining slide of ly-ext foci in
tumors of patients from the high group.
(D) Example of a HE staining slide of ly-ext
foci in tumors of patients from the ly-ext
low group. Arrows indicate ly-ext foci. (E)
Example of a D2-40 staining slide of ly-ext
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TABLE 2 Univariate and multivariate
analysis of clinicopathological factor

associated with recurrence-free survival Variables

Age
<65
652
Sex
Female
Male
Smoking
Never
Ever
pT status
Tisorlor2
T3or4
pN status
+
Vascular invasion
+
Pleural invasion
+
PM

Cancer Science RUIP ek

Univariate Multivariate

HR 95% ClI P value HR 95% ClI P value
1.00

1.13 0.92-1.39 0.26

1.00 1.00

1.56 1.28-1.90 <0.01 1.17 0.90-1.52 0.24
1.00 1.00

1.52 1.25-1.86 <0.01 0.97 0.74-1.27 0.83
1.00 1.00

4.52 3.55-5.69 <0.01 1.59 1.15-2.15 <0.01
1.00 1.00

6.43 5.30-7.80 <0.01 2.82 2.22-3.57 <0.01
1.00 1.00

5.25 4.32-6.40 <0.01 2.38 1.87-3.03 <0.01
1.00 1.00

3.61 2.98-4.37 <0.01 1.55 1.25-1.93 <0.01
1.00 1.00

4.89 3.44-6.74 <0.01 1.36 0.88-2.10 0.16
1.00 1.00

5.18 3.97-6.65 <0.01 1.52 1.14-2.02 <0.01

Abbreviations: Cl, confidence interval; HR, hazard ratio; ly-ext, extratumoral lymphatic permeation;
PM, intrapulmonary metastasis.

3.3 | Differences in prognosis between patients
with ly-ext and those with ly-int

The median follow-up duration was 60 months (range 1-
129 months). During the study period, 269 patients died. Cancer
recurrence was detected in 336 patients. The 3-year OS rates for
the lyO, ly-int, and ly-ext groups were 92.1%, 83.3%, and 76.1%,
respectively. The OS of the ly-ext group was significantly inferior
to that of the lyO group (P < 0.01), but there was no significant
difference in the OS of the ly-int and ly-ext groups. The 3-year
RFS rates for the ly0O, ly-int, and ly-ext groups were 82.3%, 62.8%,
and 31.3%, respectively, and the RFS of the ly-ext group was sig-
nificantly inferior to that of the lyO group (P < 0.01) and the ly-int
group (P < 0.01; Figure S4). Table 2 shows the result of univariate
and multivariate Cox regression analyses of RFS. pT status (pT3 and
pT4; P < 0.01, HR 1.59, 95% Cl 1.15-2.15), pN status (N1 and N2;
P < 0.01, HR 2.82, 95% Cl 2.22-3.57), vascular invasion (positive;

P < 0.01, HR 2.38, 95% CI 1.87-3.03), pleural invasion (positive;
P < 0.01, HR 1.55, 95% Cl 1.25-1.93), and ly-ext (P < 0.01, HR
1.52, 95% Cl 1.14-2.02) were independent poor prognostic fac-
tors. In multivariate Cox regression analysis of OS, ly-ext was not
a significant prognostic factor (Table S3).

3.4 | Clinicopathological characteristics and
prognosis of patients with high and low numbers of
ly-ext foci

Since the median number of ly-ext foci in ly-ext patients was 5, we
classified ly-ext high group as 5 or more than 5 and ly-ext low group
as less than 5. Figure 1B-E shows representative HE and anti D2-
40 staining of the ly-ext high and low groups. Table S4 shows the
clinicopathological characteristics of patients with high (=5) and
low (<5) numbers of ly-ext foci. The ly-ext high group tended to



NIIMI ET AL.

EBRWATS 2 Cancer Science

have more patients with lymph node metastasis or solid or micro-
papillary predominant tumor. In pT1 patients with ly-ext, the ly-ext
high group tended to have more patients with vascular invasion
(Table S5). Figure 2 shows the OS and RFS curves of patients with
high and low numbers of ly-ext foci. There was no significant dif-
ference in 3-year OS rate between the ly-ext high and low groups
(70.5% vs. 81.4%, P = 0.11; Figure 2A), but the 3-year RFS rate of
the ly-ext high group was significantly lower than that of the ly-ext
low group (14.7% vs. 50.0%, P < 0.01; Figure 2B). Moreover, there
was no significant difference in 3-year OS between ly-ext foci/cm?
high and low groups (Figure 2C), but the 3-year RFS of patients with
a high number of ly-ext foci/cm? was significantly shorter than that
of patients with a low number of ly-ext foci/cm? (Figure 2D). Table 3
shows the result of univariate and multivariate Cox regression anal-
yses on RFS of the patients with ly-ext. A high number of ly-ext
foci was an independent poor prognostic factor (P < 0.01, HR 2.38,
95% Cl 1.44-4.00). When the number of ly-ext foci/cm? was used,
the number of ly-ext foci/cm? was also an independent prognostic
factor (Table Sé). Even in the analysis limited to stage | patients, the
3-year RFS rate of patients in the ly-ext high group was significantly
lower than that of patients in the ly-ext low group (15.4% vs. 75.0%,
P < 0.05; Figure S5).

3.5 | Correlations between the number of ly-ext
foci and immunohistochemical staining scores

Figure 3 shows the comparison of immunohistochemical staining
scores between the two groups, and representative slides of anti-
CD8 and FOXP3 staining are shown in Figure 4. The expression lev-
els of CD44, ALDHA1, and MUC1 in tumor cells within the primary
lesion and extratumoral lymphatic vessels were not significantly dif-
ferent between the two groups. In tumor stroma within the primary
lesion, the number (median [interquartile range]) of CD8+ T cells in
the ly-ext high group was significantly lower than that in the ly-ext
low group (13.6 [9.7, 18.4] vs. 21.8 [17.6, 25.2], P < 0.05), and the num-
ber of FOXP3+ T cells in the ly-ext high group was significantly higher
than that of the ly-ext low group (17.6 [8.5, 22.4] vs. 5.8 [2.6, 15.8],
P < 0.01). The CD8/FOXP3 ratio of the ly-ext high group was signifi-
cantly lower than that of the ly-ext low group (1.2 + 0.7 vs. 6.4 + 10.1,
P < 0.01). There was no significant difference in the number of both
CD4+ T cells and CD79a+ B cells within the primary lesions and in the
extratumoral lymphatic vessels between the ly-ext high group and the
ly-ext low group. The number of CD204+ TAMs in the primary tumor
stroma tended to be higher in the ly-ext high group than in the ly-
ext low group. Within extratumoral lymphatic vessels, the number of

(A) 100.0% <5 (B) 100.0%
80.0% 2 80.0%
5 60.0% e g oo &%
T som g 400%
3 £ FIGURE 2 Overall survival (OS) and
20.0% Py ‘axi 200% Pt — recurr.ence-fr.ee survival (RFS) curves
= of patients with completely resected
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Post operative years Post operative years lymphatic permeation (ly-ext). (A) OS
N°‘_ Lyr 2yr 3yr No. 1yr 2yr 3yr curves of patients with high and low
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>5 4 35 32 29 >5 42 25 11 7 of ly-ext foci and the blue line represents
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TABLE 3 Univariate and multivariate
analysis of clinicopathological factor
associated with recurrence-free survival
of ly-ext patients

Variables
Age
<65
265
Sex
Female
Male
Smoking
Never
Ever
Adjuvant CTx
No
Yes
EGFR mutation
Negative
Positive
pT status
Tlor2
T3or4
pN status
+
Vascular invasion
+
Pleural invasion
+
PM
+
No. of ly-ext
<5
25

Cancer Science RUI0 3

Univariate Multivariate

HR 95% ClI Pvalue HR 95% Cl P value
1.00

0.83 0.51-1.32 0.42

1.00

1.16 0.71-1.94 0.56

1.00

1.08 0.66-1.74 0.74

1.00

0.79 0.50-1.27 0.33

1.00

1.35 0.84-2.15 0.21

1.00 1.00

1.61 0.93-2.69 0.09 1.53 0.51-3.71 0.41
1.00 1.00

1.69 0.92-3.42 0.10 117 0.60-2.46  0.65
1.00

1.15 0.69-2.02 0.61

1.00

1.32 0.83-2.11 0.25

1.00 1.00

1.77 0.94-3.11 0.08 1.03 0.37-3.32 0.96
1.00 1.00

2.45 1.52-4.00 <0.01 2.38 1.44-400 <0.01

Abbreviations: Cl, confidence interval; CTx, chemotherapy; HR, hazard ratio; PM, intrapulmonary

metastasis.

FOXP3+ T cells in the ly-ext high group was significantly higher than
that in the ly-ext low group (5 [1, 7.5] vs. 0 [0, 2], P < 0.05), but there
was no significant difference in the number of CD8+ T cells, CD8/
FOXP3 ratio, and CD204+ TAMs between the groups.

4 | DISCUSSION

In the present study, we retrospectively evaluated the prognostic
impact of the number of ly-ext foci in patients with completely re-
sected lung adenocarcinoma. The ly-ext high group had a remarkably

shorter RFS than the ly-ext low group. In addition, we compared dif-
ferences in the immune microenvironment between the ly-ext high
and low groups and found that the ly-ext high group had a more
suppressive immune microenvironment. This is the first study to in-
vestigate the prognostic impact of the number of ly-ext foci and the
differences in the microenvironment based on the number of ly-ext
foci.

In many types of cancers, such as gastric, esophagus, colorec-
tal, hepatic, and breast cancers, the frequency of blood vessel and
lymphatic permeation has been reported as an independent prog-
nostic factor.!¥® However, in lung cancer, the prognostic impact
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FIGURE 3 Comparison of the immunohistochemical staining score of primary tumors and tumors in extratumoral lymphatic vessels
between the extratumoral lymphatic permeation (ly-ext) high and low groups. (A) Comparison of the CD44 score of primary tumors and
tumors in intralymphatic regions between the ly-ext high and low groups. (B) Comparison of the ALDH1 score of primary tumors and
tumors in intralymphatic regions between ly-ext high and low group. (C) Comparison of the MUC1 score of primary tumors and tumors in
intralymphatic regions between the ly-ext high and low groups. (D) Comparison of the number of CD4+ T cells in primary tumor stroma

and intralymphatic regions between the ly-ext high and low groups. | Comparison of the number of CD8+ T cells in primary tumor stroma
and intralymphatic regions between the ly-ext high and low groups. (F) Comparison of the number of FOXP3+ T cells in primary tumor
stroma and intralymphatic regions between the ly-ext high and low groups. (G) Comparison of CD8+/FOXP3+ T cells ratio in primary tumor
stroma and intralymphatic regions between the ly-ext high and low groups. (H) Comparison of the number of CD7%a+ B cells in primary
tumor stroma and intralymphatic regions between the ly-ext high and low groups. (I) Comparison of the number of CD204+ macrophages in
primary tumor stroma and intralymphatic regions between the ly-ext high and low groups

of the number of blood vessel invasion is still controversial. Kaseda
et al. have reported that the frequency of vessel invasion is not a
predictor of recurrence after resection, while others have argued
that frequency of vessel invasion is a more important prognostic
factor than the presence of vessel invasion.””*® Few studies have
examined the significance of the number of lymphatic permeation
foci on prognosis.18 Lymphatic permeation and blood vessel inva-
sion have different recurrence patterns in resected lung cancer.

Lung cancer with lymphatic permeation significantly recurs in the

mediastinal lymph nodes, while lung cancer with vascular invasion is
more likely to recur in the distant organs, including the brain, liver,
and adrenal glands.}”2° In other words, tumor cells that invade blood
vessels enter the systemic bloodstream, whereas those that invade
lymphatic vessels are trapped in the lymph nodes that they flow in.
This difference may be one of the reasons why the number of lym-
phatic invasions is associated with recurrence.

In this study, the ly-ext high group had fewer CD8+ T cells and
more FOXP3+ T cells in the tumor stroma within the primary lesion
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FIGURE 4 Representative immunohistochemical staining images. (A) Example of a low power field of CD8 staining of tumor stroma
within a primary lesion of the extratumoral lymphatic permeation (ly-ext) high group. (B) High power field of square of (A). (C) Example of
a low power field of CD8 staining of tumor stroma within a primary lesion of the ly-ext low group. (D) High power field of square of (C). (E)
Example of a low power field of FOXP3 staining of tumor stroma within a primary lesion of the ly-ext high group. (F) High power field of
square of (E). Arrows indicate FOXP3 positive lymphocytes. (G) Example of a low power field of FOXP3 staining of tumor stroma within

a primary lesion of the ly-ext low group. (H) High power field of square of (G). Arrows indicate FOXP3 positive lymphocytes. (I) Example
of a high power field of FOXP3 staining of intralymphatic regions of the ly-ext high group. Arrows indicate FOXP3 positive lymphocytes.
(J) Example of a high power field of FOXP3 staining of intralymphatic regions of the ly-ext high group. Arrows indicate FOXP3 positive

lymphocytes

than the ly-extlow group. The tumor microenvironment plays a critical
role in cancer progression, and TILs are considered to be biomarkers
of the host immune reaction to tumor antigens. In previous studies,
a high number of stromal CD8+ T cells was reported as a favorable
prognostic factor for lung cancer, whereas a high number of stromal
FOXP3+ T cells was considered to be a poor prognostic factor.?%2
In breast cancer, as in our study, a high number of FOXP3+ T cells in
the primary tumor stroma was reported to be significantly associated
with the presence of lymphatic vessel invasion.?> FOXP3+ regula-
tory T cells produce cytokines such as TGF-f and IL-10 and inhibit
the function of cytotoxic T cells against cancer cells.?* Additionally,
TGF-p increases the invasiveness of cancer cells by reducing the
adhesion of cancer cells and increasing their motility.? TGF-B also
promotes tumor-associated lymphangiogenesis by inducing VEGF-C
expression.26 These findings support the results of the present study.
In present study, the number of CD204+ TAMs in primary tumor
stroma tended to be higher in the ly-ext high group than in the ly-ext
low group. TAMs stimulate angiogenesis via expressing factors such
as VEGF. TAMs also produce various growth factor and chemokines
and contribute to the migration of tumor cells towards vessels.?”
This may be one of the reasons for our finding that the number of
CD204+TAMs is associated with the number of ly-ext foci.

In present study, there were no differences in the expression
levels of ALDH1 and CD44 in cancer cells between two groups.
Matsumura et al. reported that tumor cells that form multiple small
nests have high expression levels of CD44 and a higher frequency of
intrapulmonary metastasis.?® Kirita et al. showed that low ALDH1
expression in cancer cells is independent predictive factors for LN
metastasis.?’ In their study, the expression level of ALDH1 and
CD44 in cancer cells in the primary lesion was not a significant pre-
dictive factor for LN and intrapulmonary metastasis. Taken together
with the results of the present study, the expression of CD44 and
ALDH1 in tumor cells in the primary lesion may not be related to the
frequency of lymphatic invasion.

There were some limitations in the current study. This was a ret-
rospective study carried out at a single institution. The total number
of patients with ly-ext was relatively small and the follow-up period
was short.

To our knowledge, this is the first report to examine the asso-
ciation between the number of ly-ext foci and the prognosis, and
between the number of ly-ext foci and the immune microenviron-
ment. This study clearly indicates that the frequency of extratu-
moral lymphatic permeation is an independent prognostic factor, as
is its presence, and suggests that tumors with a suppressive immune
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microenvironment in the primary lesion are more likely to develop

lymphatic vessel invasion than those without it.
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