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Abstract

Background The management of T1 colorectal cancer
after local resection is controversial. Regional lvmph node
metastasis  often occurs. requiring subsequent colonic
resection. The aim of this study was to reevaluate the risk
factors of nodal metastasis of Tl colorectal cancer, espe-
cially to examine lymphatic vessel invasion in serially
prepared hematoxylin and eosin sections and D2-40
immunostained sections to determine which is a better
indicator of lymph node metastasis of Tl colorectal cancer.
Methods  The study investigated 120 patients who
underwent bowel resection and were histologically diag-
nosed to have T1 colorectal cancer in Kanagawa Cancer
Center Hospital from 1995 to 20035. Serially prepared
paraffin sections were stained with hematoxylin and eosin.
or immunostained with D2-40 antibody or von Willebrand
factor, and reevaluated for lymphatic vessel invasion and
other risk factors. including venous invasion, histological
grade. depth of submucosal invasion, and budding.
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Results  Lymphatic  invasion diagnosed with either
hematoxylin and eosin staining (p = 0.022). or D2-40
immunostaining (p = 0.001). and budding (p = 0.013)
were significant risk factors for lymph node metastasis in
the univariate analysis. Venous involvement, histological
grade. or depth of submucosal invasion was not significant.
The multivariate logistic regression analysis for the three
risk factors found lymphatic invasion diagnosed with D2-
40 as an independent risk factor (odds ratio 6.048,
p = 0.018, CI 1.360-26.89). The sensitivity, specificity,
positive predictive value, and negative predictive value
were 58 %, 88 %, 35 %, and 95 %, respectively.
Conclusions  Lymphatic vessel invasion diagnosed with
D2-40 was a better indicator to evaluate the risk for lvinph
node metastasis by T1 colorectal cancer.

Keywords D2-40 - Lymphatic vessel invasion - Lymph
node metastasis - Colorectal cancer

Introduction

Submucosal invasive (T1) colorectal cancer is actively
removed by colonoscopy, with a low mortality rate [1, 2]
Unfortunately, 10-13 % of the patients of T colorectal
carcinoma have lymph node metastasis [1-5]. Those patients
are not completely cured with local therapy alone and require
additional bowel resection. Various histological criteria are
employed to predict nodal metastasis to avoid unnecessary
surgery. Previous studies [1—4, 6-12] suggest that lymphatic
vessel invasion (LVI). venous invasion, histological grade.
depth of submucosal invasion, and budding are risk factors
for the lymph node metastasis of T1 colorectal cancer.
Lymphatic vessel invasion can be diagnosed by hema-
toxylin and eosin (H&E) staining. Some investigators [4, 7,
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13-17] believe that LVI cannot predict nodal involvement
because it is difficult to discriminate between true LVI and
venous involvement or retraction artifacts, Moreover, there
is interobserver variation [3, 6, 17, 18] concerning the
diagnosis of LVI by H&E staining. Further studies and
verification are required to show the correlation between
LVI and nodal ‘metastasis.

The development of selective immunohistochemical
markers for lymphatic endothelium in formalin-fixed and
paraffin-embedded (FFPE) sections, such as D2-40 mono-
clonal antibody (D2-40), increase the accuracy of detection
of LVI because D2-40 clearly demarcates tumor emboli in

'lymphatics in FFPE sections of primary tumors [13, 19].

Establishing LVI as a true risk factor for nodal
involvement would allow the identification of patients who
may benefit from additional surgery following colonos-
copy, and it is necessary to diagnose the presence of LVI
precisely.

Therefore, the aim of this study was to examine LVI in
serially prepared H&E sections (H&E-LVI) and D2-40
immunostained sections (D2-40-LVI) to determine which
is a better indicator of lymph node metastasis of T1 cole-
rectal cancer. Other risk factors of nodal infiltration of T1
colorectal cancet were also evaluated.

Patients and methods
Patients

One hundred twenty patients with pathological T1 colo-
rectal cancer, who underwent surgical bowel resection in
Kanagawa Cancer Center Hospital from 1995 to 2005,
were enrolled in this study, The patients included 82 men
and 38 women, with a mean age of 64.6 years (range,

40-88 years) at the time of bowel resection. All the.

patients’ clinical data were reviewed, Forty-four patients
underwent local excision followed by laparotomy and 76
patients underwent primary laparotomy. No patients
received preoperative chemotherapy or radiotherapy.

Methods

Age, gender, tumor location, lymphatic vessel invasion,
venous invasion, histological grade, depth of submucosal
invasion, budding, and nodal status of all patients were

* evaluated.

Lymphatic and venous invasion were assessed by using
4-um-thick serial sections cut from formalin-fixed and par-
affin-embedded (FFPE) blocks and stained with H&E or
immunostained with D2-40 antibody (Dako North America,
Carpinteria, CA, USA) and with anti-von Willebrand factor
(vWF) antibody (Santa Cruz Biotechnology, Santa Cruz,

&) Springer

CA, USA). H&E-stained slides were screened for diagnosing
lymphatic vessel invasion (H&E-LVI) (Fig. 1a) and venous
involvement (Fig. 1b). H&E-LVI was defined as the pres-
ence of cancer cells within the lumen that was clearly lined
by endothelial cells. Lymphatic vessels were distinguished
from blood vessels by the absence of luminal red blood cells
or smooth muscle within the vessel wall [5, 9]. D2-40-
immunostained slides were screened to investigate lym-
phatic vessel invasion (D2-40-LVI) (Fig. 1c). Anti-vWF
immunostained slides were used to detect venous invasion.

Histological grade was determined by the most pre-
dominant component of the histological sample: grade 1
was defined as well-differentiated adenocarcinoma, grade 2
was moderately differentiated adenocarcinoma, and grade
3 wag poorly differentiated adenocarcinoma and mucinous
carcinoma. The histological grade was divided into two
groups (grade 1/2 and grade 3) for the statistical analysis.

Depth of submucosal invasion was measured as the
vertical distance from the muscularis mucosa to the deepest
point of tumor invasion. If the muscularis mucosa were
destroyed or invisible, the depth was measured from the
surface of the tumor to the front of invasion. .

Budding was defined as an isolated single cancer cell or
a cluster composed of fewer than five cancer cells at the
invasive front of the growing tumor [4]. The field where
budding was most intensive was selected to count the
oumber of buds with a 20x objective lens. Fields with five
or more buds were considered to be positive.

Nodal status was generally assessed by H&E staining.
For patients of D2-40-positive and nodal-negative (pNO)
determined by H&E staining under the routine histopa-
thological examination, metastatic status of regional lymph
nodes was further evaluated by immunohistochemistry
with the mouse monoclonal anti-cytokeratin antibody
(clone MNF116) (Nichire Bioscience, Tokyo, Japan).

Statistical analysis

Data are presented as the mean = standard deviation (SD).
The association between the status of lymph node metas-
tasis and clinicopathological parameters was evaluated
with a univariate analysis using the y* test, Fisher's exact
test, and Student’s ¢ test, and also with a multivariate
logistic regression analysis. A p value less than 0.05 was
considered to indicate statistical significance. The statisti-
cal analysis was performed using the Dr. SPSS software
package for Windows (SPSS, Chicago, IL, USA).

Results

Lymph node metastasis was found in 12 (10 %) of the 120
patients. Tumors were located in the right colon (from the
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Fig. 1 Representative photographs show H&E-LVI (lymphatic vessel invasion diagnosed with hematoxylin and cosin staining) (a). venous
invasion on H&E (b), and D2-40-LVI (lvmphatic vessel invasion diagnosed with D2-40 immunostaining (¢)

cecum to the transverse colon. n = 19), left colon (from
splenic flexure to the sigmoid colon, n = 49), and rectum
(n = 52).

Association among clinicopathological factors including
patient age. gender, tumor location, LVI estimated by H&E
or D2-40 immunostaining, venous invasion, tumor histo-
logical grade, depth of submucosal invasion, budding, and
nodal metastasis status was evaluated with a univariate
analysis (Table 1). H&E-LVI (p = 0.022), D2-40-LVI
(p = 0.001). and budding (p = 0.013) were found to be
significantly associated with lymph nodal metastasis. None
of the other parameters was significantly associated with
the nodal status. Only D2-40-LVI was identified to be a
significant independent predictive factor for nodal metas-
tasis of T colorectal cancer (odds ratio 6.048. p = 0.018,
Cl 1.360-26.89; Table 1) in the multivariate logistic
regression analysis. Sensitivity, specificity. positive pre-
dictive value, and negative predictive value were 58 %,
88 %, 35 %, and 95 %, respectively.

All LVI lesions of 120 patients identificd by each
method were compared to clarify the differences between
H&E-LVI and D2-40-LVI (Table 2). First, the seven H&E-
LVT positive patients (see Table 1) have a total of 31 H&E-

LVI-positive lesions because one patient often has several
lesions. Twenty-seven (87 %) of the 31 H&E-LVI lesions
were also recognized as LVI with D2-40 immunostaining.
The luminal walls of the other 4 (13 %) H&E-LVI lesions
were not stained with D2-40. Two of the 4 H&E-LVI
lesions were reevaluated for venous invasion by vWF
immunostaining. Those 2 venous lesions were recognized
in the same patient. The other 2 were not stained with
either vWF or D2-40 and were thereby diagnosed as arti-
facts. On the other hand. 20 of 120 patients who were
diagnosed to have lymphatic invasion positive with D2-40
immunostaining (see Table 1) had a total of 94 D2-40-
LVI-lesions. However, 67 (71 %) D2-40-LVI-lesions were
not detected by H&E staining.

Concerning venous invasion. three venous lesions found
in three different patients were identified to have venous
involvement with H&E staining, Of' the three venous
lesions, only one venous lesion was recognized as true
venous involvement by immunostaining, that is, negative
for D2-40 and positive. for vWF. In all, only two patients
had true venous invasion as described above.

The correlation between D2-40-LVI and other patho-
logical features is summarized in Tuable 3. D2-40-L VI was
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Table 1 Relationship between clinicopathological factors and nodal status based on a univariate analysis and multivariate logistic regression

analysis
Nodal metastasis Univariate Multivariate
Negative (n = 108) Positive (n = 12) p value Odds ratio 95 % CI p value
Age® 64.85 + 8.59 62.50 & 10.31 038
Gender ‘
Male , 76 6 0.15
Female 32 6
Tumor location
Right colon 18" 1 0.685
Left colon 43 6
Rectum 47 5
Lymphatic invasion
H&E-LVI (-) 104 9 0.022 2.664 0.381-18.614 0.323
H&E-LVI (+) 4 3
D2-40-LVI () 95 5 0.001 6.048 1.360-26.890 0.018
D2-40-LVI (+) 13 7
Venous invasion
- 107 11 0.191
o+ 1 1
Tumor grade
Grade 112 103 n 0476
Grade 3 5 1
Depth of sm invasion 1,900 = 1,300 pm 2,600 + 1,500 um 0.084
Budding
- 103 9 0.013 3.058 0.402-23,240 0.28
+ 5 3

LN lymph node, sm submucosal, Right colon cecum to transverse colon, Left colon descending to sigmoid colon, Grade 1/2 well- and moderately
differentiated adenocarcinoma, Grade 3 poorly differentiated adenccarcinoma and mucinous carcinoma, H&E-LVI lymphatic vessel invasion
diagnosed with hematoxylin and eosin staining, D2-40-LVI lymphatic vessel invasion diagnosed with D2-40 immunostaining, — negative, +

positive, C7 confidence interval
® Mean =+ SD

Table 2 Discrepancy between lymphatic invasion detected by using
hematoxylin and eosin (H&E) staining or D2-40 immunostaining

Lymphatic D240LVI  D2-40-LVI Total
invasion positive " negative

H&E-LVI positive 27 - 4 31
H&E-LVI negative 67 - -
Total 94 - _ -

H&E hematoxylin and eosin staining, H&E-LVT lymphatic invasion
diagnosed with hematoxylin and eosin stain, D2-40-LVI lymphatic
invasion diagnosed with D2-40 xmmunostzumng

significantly associated with H&E-LVI (p = 0.0001),
budding (<0.001), higher tumor grade (p = 0.007), and
deeper submnucosal invasion (0.002).

Among the 13 D2-40-positive and pNO patients (see
Table 1), no patient had micrometastasis, but 1 (8 %)
patient had isolated tumor cells (ITC) in the regional lymph
nodes according to the UICC criterion [20].

&) Springer

Discussion

Lymphatic vessel invasion is not an established risk factor
for nodal metastasis of the T1 colorectal cancer because it
is difficult to identify definitively on H&E-stained slides
[4, 7, 13-17). However, the development of D2-40 immu-
nostaining to visualize the lymphatic endothelium was
expected to solve those problems, and several studies were
conducted to show the ability of D2-40 in diagnosing LVI.
The comparison of H&E-LVI and D2-40-LVI revealed that
rate of lymphatic vessel invasion detection was signifi-
cantly higher in D2-40-LVI than in H&E-LVI {21, 22],
although the study did not show that D2-40-LVI was an
independent risk- factor for nodal metastasis of the T1
colorectal cancer. Another study reported that D2-40-LVI
was actually a risk factor for nodal metastasis of the T1
colorectal cancer [3]. However, that study was not
designed to compare D2-40-LVI with H&E-LVL
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Table 3 Relationship between pathological factors and D2-40 LV]
using univariate analysis

D2-40-LVI p value
H&E-LVI
- 98 15 0.001
+ 2 5
Venous invasion
- 99 19 0.307
4- 1 1
Budding
- 99 15 <0.001
+ 1 3
Tumor grade
Grade 1/2 98 16 0.007
Grade 3 2 4
Depth of sm 1,843 pm == 1.323 2835 pm = 1,106 0.002

invasion®

H&E-LVI lymphatic invasion diagnosed with hematoxylin and cosin
staining, D2-40-LVI lymphatic invasion diagnosed with D2-40
immunostaining, — negative, + positive, Grade 1/2 well and mod-
crately differentiated adenocarcinoma, Grade 3 poorly differentiated
adenocarcinoma and mucinous carcinoma

* Mean = SD

The present study examined serially prepared H&E-LVI
and D2-40-LVI to determine which was a better indicator
of the risk for nodal metastasis of T1 colorectal cancer.
Both H&E-LVI and D2-40-LVI detection of lymphatic
vessel invasion were correlated with nodal metastasis in a
univariate analysis, but D2-40-LVI was the only indicator
for nodal metastasis in the multivariate logistic regression
analysis. Accurate evaluation of LVI was significantly
associated with lymph node metastasis. The false-positive
rate of H&E-LVI was 13 % and the false-negative rate was
68 9. Therefore, few lesions with venous invasion or slit

artifacts were mistaken for lymphatic invasion in H&E
slides, but this method failed to detect many instances of
lymphatic invasion (Fig. 2a. b). The high incidence of
false-negative results with H&E-LVI is the reason it is not
a useful indicator of nodal metastasis of T1 colorectal
cancer.

The positive predictive value of D2-40-LVI for nodal
metastasis of T1 colorectal cancer was 35 %, and it was
still not a high probability risk fuactor, possibly because
cancer cells that invade into lymphatics do not always
colonize in a regional lymph node. Therefore. there were
limitations in predicting lymph node metastasis using an
anatomically accurate estimation of LVI with D2-40. Other
independent biological markers involved in the coloniza-
tion of colorectal cancer cells in lymph nodes must be
identified.

A univariate analysis showed that budding was signifi-
cantly associated with the nodal status, and D2-40-LVT and
budding were also associated. Budding may represent LVI
and venous invasion, based on the standard definition used
in the present study {4, 23]. Morodomi et al. [6] reported
that no lymph vessel endothelial cells could be observed in
the budding area using vWF and Ulex enropeaus agglutinin
lectin and concluded that budding was a formative stage of
lvmphatic invasion. The current study definitively identi-
fied invasive lesions in lymphatic vessels with D2-40 in the
budding area on H&E slides. as reported by Okuyama et al.
[24] (Fig. 3a—c). This result indicates that budding at least
may include an active stage of LVTI at the invasive front of
tumors.

The present study found that higher tumor grade and
deeper submucosal invasion were significantly associated
with D2-40-LVI and -anatomical lymph vessel involve-
ment. but not with nodal metastasis. These two parameters
may reflect the inherent aggressive biological nature of
tumors and, as a result, reflect the frequency of LVI [17].
Therefore, determining of the mode of treatment by using

Fig. 2 These photographs show the difficulty of detection of LVI with H&E (a) compared with D2-40 (b)
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Fig. 3 These photographs show a budding arca on H&E (a) and D2-40 (b). respectively. Upward arrow shows D2-40-LVI identified in budding

area (b), magnified in ¢

D2-40-LVI on limited biopsy as a predictor of deeper
invasion or the presence of high-grade-tumors is
contraindicated.

Venous invasion, similar to LVI, was difficult to identify
definitively in H&E slides [7]. Venous invasion is usually
distinguished from lymphatic invasion by the presence of
luminal erythrocytes or smooth muscle in the vessel wall
[5. 9]. However, a combination of D2-40 and vWF staining

-enabled the accurate diagnosis of venous involvement,

even though vWF is also weakly expressed on Ivmphatic
endothelium [19, 25-27]. Venous invasion was not coire-
lated with nodal status and D2-40-LV1, and it was rare in
T1 colorectal cancer, as previously reported [17].

Mescoli et al. [28] reported that, in patients with pNO
colorectal cancer, cancer relapse was significantly associ-
ated with ITC in regional lymph nodes. According to this
report, the patient with pNO but ITC in regional lymph
nodes may be benefit from subsequent surgery after local
resection. In the present study, immunohistochemical
staining CAMS3.2 of the regional lymph nodes in the 13 D2-
40-positive and pNO patients revealed that ITC was
detected in only | patient. The relationship of ITC and
Ivmphatic involvement determined by D2-40 is a subject to
be examined with a larger sample size in the future.

@_ Springer

Conclusion

A multivariate regression analysis showed that D2-40-1.VI
was the only independent risk factor of nodal metastasis in
T1 colorectal cancer. D2-40-L. VI could be a helpful method
to determine the indications for further colonic rescection
after local treatment. However, additional risk factors of
lvmph node metastasis must be investigated to increase the
accuracy of prediction.
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