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Histological vascular invasion (VI) by tumors is reportedly a risk
factor influencing recurrence or survival after surgical treatment;
however, few studies have evaluated which VI features affect
recurrence or survival. The objective of this study was to evalu-
ate how VI features affect recurrence in lung adenocarcinoma
patients. We selected 106 patients with pathological stage I lung
adenocarcinoma who showed VI and examined the properties of
intravascular tumors associated with recurrence. First we investi-
gated the relationship between the frequency of VI in a histolog-
ical cross-section and the incidence of recurrence; however, a
significant impact was not observed. Microscopic examination
revealed the intravascular tumors were composed of not only
cancer cells but also non-cancerous cells. To examine whether the
characteristics of intravascular cancer cells and ⁄or non-cancerous
cells have prognostic value, we examined the expression levels
of epithelial–mesenchymal transition-related markers in cancer
cells and the numbers of infiltrating non-cancerous cells, includ-
ing macrophages, endothelial cells, and fibroblasts. High levels of
E-cadherin expression in the intravascular cancer cells were
significant predictors of recurrence (P = 0.004), whereas the
expressions of CD44, CD44 variant 6, and vimentin were not.
Large numbers of intravascular CD204(+) macrophages
(P = 0.016), CD34(+) microvessels (P = 0.007), and a-smooth mus-
cle actin (+) fibroblasts (P = 0.033) were also significant predictors
of recurrence. Our results indicated VI with abundant stromal cell
infiltrates might be a predictor of recurrence and suggested the
tumor microenvironment created by cancer cells and stromal cells
within the blood vessel may play an important role during the
metastatic process. (Cancer Sci 2013; 104: 1262–1269)

T he cause of death in most cancer patients is the develop-
ment of metastases from the primary tumor. The meta-

static process includes various complex steps. The process
starts with the separation of cancer cells from the primary
lesion, followed by the permeation of these cells into vessels.
In the permeated vessels, the cancer cells overcome apoptosis
(also known as anoikis), proliferate, and then transmigrate to
the metastatic site.
Vascular invasion represents the early phase of metastasis.(1–3)

Therefore, the presence of histological intratumoral VI has been
reported to be a predictor of recurrence and metastasis in surgi-
cal cases with various types of cancer.(4–6) In fact, VI by testic-
ular germ cell tumors qualifies as the local spread of
tumors.(7,8) Testicular tumors localized to the testis and epididy-
mis without VI are classified as T1, whereas they are classified
as T2 when VI is present. Although VI has been reported to be
a strong prognostic factor in NSCLC, the impact of VI on the
revised TNM classification of NSCLC remains to be fully
assessed.

Nowadays, tumor tissue is known to be composed of vari-
able numbers of cancer cells and stromal cells, such as macro-
phages, endothelial cells, and fibroblasts, and cancer cells are
known to interact with these surrounding stromal cells, produc-
ing a specific microenvironment that is capable of influencing
tumor progression.(9) Furthermore, recent studies have reported
that the intravessel microenvironment has significant effects on
metastasis as well as the disease at the primary site. Matsumura
et al.(10) reported that intralymphatic cancer cell and stromal
cell phenotypes are susceptible to lymphogenic metastasis,
suggesting that lymphogenic metastasis may be affected by the
intralymphatic microenvironment created by these cells.
Lung cancer is the leading cause of cancer-related deaths

worldwide,(11) and NSCLC accounts for the majority of lung
cancers.(12) Adenocarcinoma is the most frequent histological
type of NSCLC, and its incidence is increasing in most coun-
tries.(13) In Japan, adenocarcinoma is the most common histo-
logical type of resected lung cancer, accounting for more than
60% of all cases.(14) However, although surgical resection is
considered to be the most effective therapy for patients with
stage I adenocarcinoma, approximately 17.3% of patients
develop recurrences.(15) Several studies have reported that the
presence of VI has a significant impact on the recurrence of
lung adenocarcinoma and the survival of patients after surgical
treatment. However, few studies have investigated which VI
features influence recurrence and ⁄or survival. This issue needs
to be examined to clarify the mechanisms underlying the early
phase of metastasis.
The objective of the present study was to evaluate how VI

features affect recurrence in lung adenocarcinoma. We there-
fore examined the frequencies and characteristics of intratu-
moral VI features and their correlations with recurrence.

Materials and Methods

Patient selection. A total of 1099 consecutive patients with
pathological stage I primary lung adenocarcinoma underwent
surgical resection between January 1995 and December 2007
at the National Cancer Center Hospital East, Chiba, Japan. All
the surgical specimens were collected and analyzed after
receiving the approval of the Ethics Committee of our institu-
tion. No patient consent was required as the research was a
retrospective chart review and no personally identifiable infor-
mation was included.
To examine how VI features affect recurrence, we selected

106 patients with VI excluding patients with pleural invasion
(another important predictor of recurrence) from the 1099
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patients (Fig. 1a). The frequency of VI was defined as the
number of invaded blood vessels on the maximum cut surface
of the tumor (Fig. 1b).

Histological studies. The surgical specimens had been fixed
in 10% formalin or 100% methyl alcohol at the time of sur-
gery. The specimens were sliced through the largest diameter
of the primary tumor, and all the sections were embedded in
paraffin. All the serial 4-lm sections were stained using the
H&E method, the Alcian blue–periodic acid–Schiff method for
the detection of cytoplasmic mucin production, or the elastica
van Gieson or the VVG method for the detection of elastic
fibers. All the histological materials included in this series
were reviewed by two pathologists (K.K. and G.I.) to ascertain
the presence of VI. Intratumoral VI was defined as tumor cells
existing within blood vessels with elastic fibers located inside
the primary tumors (Fig. 2a,b). The pathological stage was
determined based on the TNM classification of the Interna-
tional Union Against Cancer, 6th edition. Histological typing
of the primary tumors was carried out based on the World
Health Organization’s classification of cell types, 6th edition.
Pleural invasion was also evaluated based on whether the
tumor cells had invaded the visceral pleura of the lung on elas-
tica van Gieson- or VVG-stained sections.

Antibodies and immunohistochemical staining. E-cadherin
(NCH-384; Dako Cytomation, Glostrup, Denmark), CD44
(DF1485; Novocastra, Newcastle, UK), CD44 variant 6 (VFF-
7; Acris Antibodies, Herford, Germany), and vimentin (VIM
3B4; Progen Biotechnik, Heidelberg, Germany) were used as

EMT-related markers. As for stromal cell markers, CD204
(SRA-E5; Trans Genic, Hyogo, Japan) was used to evaluate
activated macrophages, CD34 (QBEnd 10; Dako Cytomation)
was used as an endothelial cell marker, and a-SMA (1A4;
Dako Cytomation) was used as a myofibroblast marker. Immu-
nostaining was carried out using 4-lm paraffin-embedded
tissue serial sections. The slides were deparaffinized in xylene
and dehydrated in a graded ethanol series, and endogenous
peroxidase was blocked with 3% hydrogen peroxide in abso-
lute methyl alcohol. After epitope retrieval, the slides were
washed with PBS and incubated overnight at 4°C using mouse
anti-human antibodies at a final dilution of 1:100 (E-cadherin,
CD44, CD44 variant 6, a-SMA, vimentin), 1:200 (CD34), or
1:400 (CD204) in the blocking buffer. The reaction products
were stained with diaminobenzidine and counterstained with
hematoxylin. After the confirmation of color development, the
VVG method was used to examine the immunohistochemical
properties of the tumor cells and the stromal cells existing in
the blood vessels.

Immunohistochemical scoring. All the stained tissue sections
were semiquantitatively scored and evaluated independently
under a light microscope. The labeling scores for tumor cells
within intratumoral blood vessels were calculated by multiply-
ing the percentage of positive tumor cells per lesion (0–100%)
by the staining intensity level (0, negative; 1, weak; 2, strong).
For CD204 and a-SMA, the numbers of positive infiltrating
cells in a hot spot were counted under a high-power micro-
scopic field (9400; 0.0125 mm2). For CD34, the microvessel
density was calculated based on the number of CD34(+)
microvessels observed under a high-power microscopic field
(9400; 0.0125 mm2), based on a protocol used in a previous
study.(16) We confirmed that the positive control tissues were
stained by each antibody, and we also carried out negative
control studies without the primary antigen for all the antibod-
ies. When the antibody evaluations differed, the observers dis-
cussed the results, re-examined the slides, if necessary, and
debated the evaluation findings until an agreement was
reached. A high score was defined as a score above the median
value; a low score was defined as a score below the median
value.

Statistical analysis. The length of the recurrence-free period
was calculated in months from the date of resection until the
date of the first recurrence or last follow-up. Cumulative inci-
dences of recurrence were estimated using the Kaplan–Meier
analysis, and differences in variables were evaluated using the
log–rank test. The Cox proportional hazards multivariate
model was used to identify independent predictors. A back-
ward elimination stepwise procedure was used to determine
independent predictors. All the variables were initially entered
into a backward stepwise analysis using P-values of 0.10 for
entry and 0.05 for removal in each model. Adjusted HRs with
95% CIs were calculated for each statistically significant vari-
able in the final stepwise model. For comparison, unadjusted
HRs with 95% CIs were calculated for each candidate variable
using univariate Cox analyses to assess the impact of the
adjustment. Continuous variables were compared using t-tests.
The significance level was set at P < 0.05. Analyses were car-
ried out using Dr. SPSS II for Windows, standard version 11.0
(SPSS Inc., Chicago, IL, USA).

Results

Risk factors for recurrence in pathological stage I adenocarci-
noma patients. Table 1 shows the risk factors for recurrence
according to the clinicopathological characteristics of 1099
patients who had pathological stage I adenocarcinoma. In a uni-
variate analysis, seven variables were found to be significantly
associated with recurrence (P < 0.05): male sex; smoking

                  1099 pathological stage I adenocarcinoma

193 excluded
     (pleural invasion positive)

906 pathological stage I adenocarcinoma without pleural invasion

                    800 excluded 
(vascular invasion positive)          (vascular invasion negative)

I

II

III

Carcinoma

Elastic fiber (+) vessels

(a)

(b)

106 evaluable and analyzed

Fig. 1. (a) Scheme showing patient selection for this study.
(b) Scheme showing the definition of vascular invasion. Of the three
illustrated vasculatures (numbered I–III), vascular invasion is evident in
two (I and III) with the presence of cancer cells (black circles).
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Fig. 2. (a,b) Representative images showing vascular
invasion (VI) in lung adenocarcinoma patients.
Sections were stained using H&E (a) and Victoria
blue van Gieson (b). The star indicates elastic fibers
with positive Victoria blue van Gieson staining.
(c) Distribution of cases with VI according to the
frequency of VI on the maximum cut surface. (d–f)
Kaplan–Meier analyses of recurrence according to a
VI cut-off level of 1 (d), 2 (e), and 3 (f).

Table 1. Univariate and multivariate analyses of risk factors for recurrence in patients with stage I adenocarcinoma

Variable n
Univariate analysis

P-value†
Multivariate analysis

P-value‡
HR (95% CI) HR (95% CI)

Age, years

<65 533 1 1

≥65 566 1.272 (0.954–1.697) 0.101 1.158 (0.858–1.561) 0.337

Sex

Female 585 1 1

Male 514 1.540 (1.156–2.052) 0.003* 1.069 (0.711–1.607) 0.748

Smoking habits

Non-smoker 558 1 1

Ever smoker 541 1.625 (1.217–2.171) 0.001* 1.158 (0.764–1.756) 0.488

CEA

≤5 824 1 1

>5 275 1.681 (1.243–2.273) 0.001* 1.026 (0.747–1.411) 0.872

Tumor size, cm

≤3.0 860 1 1

>3.0, ≤5.0 239 2.365 (1.758–3.182) <0.001* 1.372 (0.985–1.912) 0.061

Histological differentiation

Well ⁄mod. 1010 1 1

Poor 89 2.010 (1.319–3.063) 0.001* 0.765 (0.484–1.208) 0.250

Vascular invasion

Absent 831 1 1

Present 268 5.566 (4.165–7.439) <0.001* 3.955 (2.818–5.552) <0.001*
Pleural invasion

Absent 906 1 1

Present 193 4.152 (3.103–5.556) <0.001* 2.136 (1.536–2.970) <0.001*

*Significant. †Log–rank test. ‡Cox proportional hazard model. CEA, preoperative serum carcinoembryonic antigen level; CI, confidence interval;
HR, hazard ratio; Poor, poorly differentiated carcinoma; Well ⁄mod., well or moderately differentiated carcinoma.

1264 doi: 10.1111/cas.12219
© 2013 Japanese Cancer Association



H&E staining

50 μm

Vimentin staining

50 μm

E-cadherin, high

50 μm

E-cadherin, low

50 μm

CD44, high

50 μm

CD44, low

50 μm

CD44 variant6, high

50 μm

CD44 variant6, low

50 μm

Vimentin, high

50 μm

Vimentin, low

50 μm

(a) (b)

(c) (d)

(e) (f)

(g) (h)

(i) (j)

Fig. 3. Immunohistochemical staining of tumor
tissue in patients with lung adenocarcinoma with
intratumoral vascular invasion. Stars indicate elastic
fibers with positive Victoria blue van Gieson
staining. (a,b) Intravascular stromal cells stained
with (a) H&E and (b) immunohistochemical staining
for vimentin. The arrows point to round or spindle-
shaped, brown-stained, non-cancerous cells. The
staining results were negative for cancer cells.
(c,d) E-cadherin expression in cancer cells. (e,f) CD44
expression in cancer cells. (g,h) CD44 variant 6
expression in cancer cells. (i,j) Vimentin expression
in cancer cells.
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history; elevated serum carcinoembryonic antigen value; large
tumor size (3.0 ≥ 5.0 cm), poorly differentiated carcinoma; VI;
and pleural invasion. A multivariate Cox proportional hazards
model indicated that the presence of VI (HR = 3.955;
P < 0.001) and pleural invasion (HR = 2.136; P < 0.001) were
statistically significant predictors of recurrence.

Frequency of intratumoral vascular invasion is not a predictor
of recurrence. To examine how VI features affect recurrence,
we selected 106 patients without pleural invasion, another
important predictive factor for recurrence, among 1099 patients
(Fig. 1). In this cohort, age was the only variable capable of
predicting recurrence.
First, we examined whether the frequency of intratumoral VI

in a histological cross-section was a predictor of recurrence
(Fig. 1). Figure 2(c) shows the distribution of cases according
to the frequency of VI. The group with one VI contained the
largest number of cases. Figure 2(d–f) shows Kaplan–Meier
analyses of the rate of recurrence according to a cut-off level
of 1, 2, and 3, respectively; however, no significant difference
in the rate of recurrence between the VI-high group and the
VI-low group was seen for each of the cut-off levels. These
results indicate that the frequency of intratumoral VI is not a
predictor of recurrence.

Correlations between immunophenotypes of cancer cells in
blood vessels and rate of recurrence. As shown in Figure 3(a,b),
the intravascular tumor tissue was composed of not only cancer
cells, but also non-cancerous cells (arrows) that stained positive
for vimentin, a marker of mesenchymal cells. We hypothesized
that the microenvironment in the invaded blood vessels may be
important for recurrence and examined the immunohistochemi-
cal properties of both cancer cells and non-cancerous cells

Table 2. Five-year rates of recurrence in patients with stage I

adenocarcinoma according to the immunohistochemical staining

scores of intravascular tumors

No. of patients 5-year PR, % P-value†

Cancer phenotype

E-cadherin

High 20 55.0

Low 21 9.5 0.004*

CD44

High 19 42.1

Low 22 22.7 0.410

CD44 variant 6

High 20 25.0

Low 21 38.1 0.229

Vimentin

High 22 36.4

Low 19 26.3 0.846

Stromal phenotype

CD204

High 20 50.0

Low 21 14.3 0.016*

CD34

High 22 50.0

Low 19 10.5 0.007*

a-SMA

High 19 47.4

Low 22 18.2 0.033*

*Significant. †Log–rank test. a-SMA, a-smooth muscle actin; High,
greater than the median; Low, less than or equal to the median;
PR, proportion of recurrence.

CD204, high

50 μm

CD204, low

50 μm

CD34, high
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α-SMA, low
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(c) (d)

(e) (f)

Fig. 4. Immunohistochemical staining of non-
cancerous cells with intratumoral vascular invasion
in patients with lung adenocarcinoma. (a,b) CD204
(+) macrophages; (c,d) CD34(+) microvessels;
(e,f) a-smooth muscle actin (a-SMA) (+) myo-
fibroblasts.
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existing in the blood vessels. As EMT has been considered
important for the intravasation of cancer cells, we examined the
expression levels of four EMT-related markers in cancer cells
(Fig. 3c–j).(17) The median staining scores were 76 for E-cadh-
erin, 92 for CD44, 0 for CD44 variant 6, and 0 for vimentin.
The rates of recurrence in the high score (above median) and
low score (below median) groups were 55.0 and 9.5 for E-cadh-
erin, 42.1 and 22.7 for CD44, 25.0 and 38.1 for CD44 variant 6,
and 36.4 and 26.3 for vimentin, respectively. The rate of recur-
rence was significantly higher in the group with the high E-
cadherin score than in the group with the low E-cadherin score
(P = 0.004), but there were no significant differences in the
rates of recurrence observed between the high score and low
score groups for CD44, CD44 variant 6, or vimentin (P =
0.410, P = 0.229, and P = 0.846, respectively; Table 2).

Correlations between number of activated macrophages,
endothelial cells, and myofibroblasts in blood vessels and rate of
recurrence. Next, we examined the numbers of activated mac-
rophages (CD204+), microvessels (CD34+), and fibroblasts
(a-SMA+) within the intravascular tumor tissue (Fig. 4). The
median numbers of CD204(+) macrophages, CD34(+) micro-
vessels, and a-SMA(+) myofibroblasts were 5.8, 1.7, and 3.6,
respectively. The rates of recurrence in the high score and low
score groups were 50.0 and 14.3 for CD204(+) macrophages,
50.0 and 10.5 for CD34(+) microvessels, and 47.4 and 18.2 for
a-SMA(+) myofibroblasts, respectively. The rate of recurrence
was significantly associated with a high number of CD204(+)
macrophages (P = 0.016), CD34(+) microvessels (P = 0.007),
and a-SMA(+) myofibroblasts (P = 0.033; Table 2).

Numbers of activated macrophages, endothelial cells, and myo-
fibroblasts surrounding intravascular cancer cells with high or
low scores for E-cadherin. We compared the numbers of infil-
trated activated macrophages, endothelial cells, and myofibro-
blasts surrounding cancer cells with high or low scores for
E-cadherin. The numbers of CD204(+) macrophages (P = 0.033)
and a-SMA(+) myofibroblasts (P = 0.011) were significantly
higher in the high E-cadherin score group than in the low
E-cadherin score group. The number of CD34(+) microvessels
(P = 0.055) tended to be higher in the high E-cadherin score
group than in the low E-cadherin score group (Fig. 5).

Discussion

Vascular invasion reportedly represents the early phase of
cancer metastasis and is an independent and statistically signif-
icant predictor of recurrence in many types of cancer.(4–6)

However, not all patients with VI develop recurrences. First,
we examined the frequency of intratumoral VI in a histological
cross-section, but this parameter was not a predictor of recur-
rence. Therefore, we hypothesized that the microenvironment
within the invaded blood vessels is important for recurrence.
In the present study, we found that various stromal cells,
including macrophages, endothelial cells, and fibroblasts, infil-
trate and become a constituent of the “cancer tissue” in the
invaded blood vessels, similar to the primary site. Immunohis-
tochemical staining revealed that the rate of recurrence was
significantly higher in patients with a high E-cadherin score
for the cancer cells in the invaded blood vessels. In addition,
the numbers of activated macrophages and fibroblasts (CD204
(+) macrophages and a-SMA(+) fibroblasts, respectively) and
newly formed vessels (CD34(+) microvessels) within the intra-
vascular tumor tissue were significantly higher among the
patients with recurrences. As several studies have reported the
significance of these cancer stromal cells within the primary
tumor,(18–21) the current results imply that not only cancer
cells, but also stromal cells may contribute to changes in the
intravascular microenvironment and suggest that the tumor
microenvironment created by cancer cells and stromal cells
within the blood vessel is important for metastasis and recur-
rence. The present study is the first to indicate the possibility
that the cancer microenvironment in invaded blood vessels has
a considerable impact on recurrence.
Using animal models, Duda et al.(22) reported that tumor-

associated stromal cells, such as fibroblasts, endothelial cells,
or tumor-infiltrated myeloid cells, are shed from the primary
tumor together with the accompanying cancer cells and survive
in the blood circulation, proliferating within metastatic
nodules. These findings suggest that not only the characteris-
tics of floating cancer cells, but also those of circulating stro-
mal cells, may affect the metastatic process. However, using
surgically resected lung adenocarcinoma cases, Matsumura

P = 0.033* P = 0.055

P = 0.011*

(a) (b)

(c)

Fig. 5. Number of intravascular non-cancerous
cells according to E-cadherin expression in cancer
cells from patients with lung adenocarcinoma.
(a) CD204(+) macrophages; (b) CD34(+) microvessels;
(c) a-smooth muscle actin (a-SMA) (+) myofibroblasts.
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et al.(10) revealed that CD204(+) macrophages infiltrate within
and around the cancer nests in permeated lymphatic vessels
and that a large number of infiltrating CD204(+) macrophages
is correlated with the presence of pulmonary metastasis. These
results suggest the importance of the microenvironment in the
invaded blood and or lymphatic vessels.
Epithelial–mesenchymal transition has been recognized as a

phenomenon during which tumor cells in the primary lesion
invade the surrounding stroma. Many researchers have postu-
lated that the loss or repression of E-cadherin is strongly
linked with cancer invasiveness, metastasis, and patient prog-
nosis.(23,24) However, contradictory results have also been
reported. Imai et al.(25) reported that E-cadherin expression in
ovarian carcinoma cells at metastatic sites of peritoneal dis-
semination is higher than that in the primary ovarian tumor.
Moreover, the expression of E-cadherin in intralymphatic
cancer cells was significantly elevated in a group of patients
that showed larger numbers of pulmonary metastases,(10) con-
sistent with the results of the present study. Although the func-
tion of E-cadherin is essential during the metastatic process, its
role may differ between cancer cells located inside and those
located outside blood vessels.
The present study revealed that higher numbers of stromal

cells, such as CD204(+) macrophages, CD34(+) microvessels,
and a-SMA(+) myofibroblasts, are present together with cancer
cells with high levels of E-cadherin in the tumor tissue within
the invaded blood vessel. This phenomenon can be explained
in two possible ways: (i) cancer cells expressing high levels of
E-cadherin may carry more stromal cells when they invade the
blood vessels; and (ii) cancer cells expressing high levels of
E-cadherin may attract more stromal cell precursors in the
blood circulation after vascular invasion has occurred.(26)

These possible molecular mechanisms will be the subjects of
future examinations.
The present study examined tumor specimens from patients

with lung adenocarcinoma. Whether these results are applica-
ble to other types of cancer, such as squamous cell carcinoma

or neuroendocrine carcinoma, will be the topic of future
investigations.
In conclusion, this study showed that the presence of histo-

logical VI with abundant stromal cell infiltrates may predict a
relatively high likelihood of recurrence and suggested that the
microenvironment of the invaded blood vessels inside primary
tumors might be capable of predicting the likelihood of metas-
tasis in patients with pathological stage I adenocarcinoma. A
more mechanistically oriented experimental approach is
required to clarify the key regulators of the intravascular
microenvironment, possibly leading to useful therapeutic
options in the future.
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