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Abstract

Purpose: Submucosal invasive colorectal carcinoma (SICC) exhibits lymph node metastasis in
about 10% of patients. Therefore, endoscopic resection is insufficient for cases of SICC at risk of
lymph node metastasis, and surgical resection accompanied with lymph node dissection is neces-
sary. However, because additional intestinal resection is unnecessary for cases without lymph
node metastasis, more rigid criteria are required in order to decrease the incidence of unneces-
sary further intestinal resection. We retrospectively identified predictive factors for lymph node
metastasis in submucosal invasive colorectal carcinoma. Methods: One hundred and two patients
who underwent intestinal resection as the first treatment or additional intestinal resection after
endoscopic resection at our department between 1999 and 2012 were enrolled in the present
study. Clinicopathological factors were analyzed to determine predictive factors related to lymph
node metastasis. Results: The multivariate analysis revealing only depth of submucosal invasion
(<2700 pm) was found to be a significant, independent predictive factor of lymph node metastasis
(P = 0.04, Odds ratio: 4.18, 95% CI: 1.06 - 16.40). Conclusion: It is considered that the refinement
of the criteria in the present study will be very useful, especially in the patients for whom careful
judgment is required when considering additional intestinal resection.
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1. Introduction

Submucosal invasive colorectal carcinoma (SICC) exhibits lymph node metastasis in about 10% of patients [1]-
[4]. Therefore, endoscopic resection is insufficient for cases of SICC at risk of lymph node metastasis, and sur-
gical resection accompanied with lymph node dissection is necessary. The criteria for additional intestinal resec-
tion for SICC after endoscopic resection have been reported [5]-[9]. However, because additional intestinal re-
section is unnecessary for cases without lymph node metastasis, more rigid criteria are required in order to de-
crease the incidence of unnecessary further intestinal resection [2]. We retrospectively identified predictive fac-
tors for lymph node metastasis in submucosal invasive colorectal carcinoma and considered the validity of the
criteria for additional intestinal resection following endoscopic resection.

2. Methods
2.1. Patient Selection

One hundred and two patients who underwent intestinal resection as the first treatment or additional intestinal
resection after endoscopic resection at our department between 1999 and 2012 were enrolled in the present study.
We retrospectively reviewed the database and medical records for each patient.

2.2. Clinicopathological Analysis

Clinicopathological factors, such as age, gender, location, tumor size, macroscopic type, differentiation, depth of
submucosal invasion, lymphatic invasion, venous invasion, and endoscopic resection were analyzed to deter-
mine predictive factors related to lymph node metastasis.

2.3. Histopathological Examination

The material was routinely processed for histopathological diagnosis: tissues were fixed in 4% - 10% formalin,
embedded, sectioned, and stained with hematoxylin and eosin (H & E). When a variety of differentiations were
evident, the tumor was considered to be of a higher grade (i.e., poorly differentiated adenocarcinoma) according
to the WHO classification [10]. The depth of submucosal invasion was measured at the deepest portion accord-
ing to the Japanese Society for Cancer of the Colon and Rectum guidelines 2010 for the treatment of colorectal
cancer [1]; when the muscularis mucosae could be identified, it was used as the baseline and the vertical distan-
ce from this line to the deepest extent of invasion represented the submucosal depth. When the muscularis mu-
cosae could not be identified, due to carcinomatous invasion, the most superficial aspect of the submucosally
invasive cancer was used as the baseline and the vertical distance from this line to the deepest portion was de-
termined and defined as the depth of submucosal invasion. Basic pathologic examination of vascular (lymphatic
or venous) invasion was performed using H & E staining. Additional immunostaining with D2-40 [11], to show
lymphatic invasion, and with Elastica van Gieson (EVG) [12] and CD34 [13] [14], to show venous invasion
were performed in those sections in which it was difficult to judge the presence of vascular invasion. With re-
spect to the evaluation of the margin after endoscopic resection, when carcinoma was exposed at the submucosal
margin of the resected specimen, the margin was considered as positive. With respect to budding [15], we were
not able to examine budding because the definition and clinical significance were unclear during the study pe-
riod.

2.4. Statistical Analysis

The cut-off values for the depth of submucosal invasion were analyzed using a Receiver Operating Characteris-
tic (ROC) curve. Values were fixed as the cut-off values when the area under the curve (AUC) was the largest.
Discrete variables were compared using Fisher’s exact probability test and continuous variables were compared
using the Mann-Whitney U-test. With regard to the clinicopathological factors for which there were statistically
significant differences in the univariate analyses, mutual correlation coefficients (r) were calculated using
Spearman rank correlation coefficient. When |r| was > 0.4, a correlation was detected among the clinicopa-
thological factors. Clinicopathological factors that achieved lower P-values in the univariate analyses were used
as co-variables for the multivariate analysis. For the multivariate analysis, the logistic regression model was
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used with the odds-ratio as a measure of association by applying a stepwise procedure. Data were analyzed sta-
tistically using JMP 9.0.2 software (SAS Institute Inc., Cary, NC, USA). Differences were considered statisti-
cally significant at P < 0.05. Values are expressed as the median (min - max).

3. Results
3.1. Patient Characteristics

The patient characteristics are presented in Table 1. The median age was 69 years (range: 37 - 89 years). There
were 68 males (66.7%) and 34 females (33.3%). Tumour locations were the cecum in 8 patients (7.8%), ascend-
ing colon in 12 patients (11.8%), transverse colon in 6 patients (5.9%), descending colon in 8 patients (7.8%),
sigmoid colon in 42 patients (41.2%), and the rectum in 26 patients (25.5%). There were 18 patients (17.6%)
who underwent additional intestinal resection after the endoscopic resection.

3.2. Cut-Off Values for the Depth of Submucosal Invasion

There were 14 patients (13.7%) with lymph node metastasis. The depth of the submucosal invasion was a me-
dian of 4000 um and 2260 pm in the patients with and without lymph node metastasis, respectively, demon-
strating that there was a significant difference in the cut-off values, which might represent an index of lymph
node metastasis (Figure 1). Therefore, the AUC was calculated for the depth of submucosal invasion. Conse-
quently, the AUC was 0.68 and was the largest when the depth of submucosal invasion was 2700 pm. Therefore,
a depth of submucosal invasion of 2700 um was fixed as the cut-off value (Figure 2).

3.3. Predictive Factors for Lymph Node Metastasis in Submucosal Invasive
Colorectal Carcinoma

In univariate analysis there were significant differences in the differentiation, depth of submucosal invasion and
venous invasion between the patients with and without lymph node metastasis; there were significantly more pa-
tients with poorly differentiated adenocarcinoma or mucinous adenocarcinoma (P = 0.04), depth of submucosal
invasion of 2700 um or more (P = 0.02) and positive venous invasion (P = 0.03) (Table 2). With respect to the

Table 1. The patient characteristics.

No. of patients (%0)

Total 102
Age® 69 years (37 - 89)
Sex
Male 68 (66.7%)
Female 34 (33.3%)
Location
Cecum 8 (7.8%)
Ascending colon 12 (11.8%)
Transverse colon 6 (5.9%)
Descending colon 8 (7.8%)
Sigmoid colon 42 (41.2%)
Rectum 26 (25.5%)

Endoscopic resection
+ 18 (17.6%)
_ 84 (82.4%)

*Median (min - max).
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Table 2. The univariate analyses.

LN metastasis (-) (n=88) LN metastasis (+) (n=14) P-value

Age® 68.5 (37 - 85) 69 (50 - 89) 0.74
Gender (Male/Female) 61/27 717 0.22
Location (Colon/Rectum) 67/21 13/1 0.52
Tumor size* 17.5 (6 - 60) 20 (11 - 55) 0.19
Macroscopic type (Pedunculated/Nonpedunculated) 10/78 2/12 0.67
Differentiation (the presence of Poor, Muc) (—/+) 77/11 9/5 0.04
Depth of submucosal invasion (<2700 um/<2700 pm) 50/38 3/11 0.02
Lympbhatic invasion (—/+) 34/54 /11 0.25
Venous invasion (—/+) 64/24 6/8 0.03
Endoscopic resection (—/+) 7117 13/1 0.45

®Median (min - max).

(km) ' P=0.03 ‘
10000
9000 *
8000 $
7000 * *
6000 : *
5000 * *
4000 * 3
3000 s
2000 ;
1000
0
LN metastasis (-) LN metastasis (+)
(n=88; 86.3%) (n=14;13.7%)
Median (range) © 2260 (50 — 9000) 4000 (1480 — 7000)

* Median (Min-Max)

Figure 1. The depth of the submucosal invasion in the patients with without lymph
node metastasis.

other clinicopathological factors, there were no significant differences between the two groups.

Next, with respect to the clinicopathological factors for which there were significant differences in the uni-
variate analysis, mutual correlation coefficients were calculated using Spearman rank correlation coefficient
(Table 3). Thus, a correlation was observed between the depth of submucosal invasion and venous invasion (r =
0.407). Because P-value for the depth of submucosal invasion was lower compared with venous invasion in
univariate analysis, two clinicopathological factors, with the exception of venous invasion were used as co-va-
riables for the multivariate analysis. Consequently, only depth of submucosal invasion was found to be a sig-
nificant, independent predictive factor of lymph node metastasis (P = 0.04, Odds ratio: 4.18, 95% CI: 1.06 -
16.40) (Table 4).

A comparison of the incidence of lymph node metastasis according to the depth of submucosal invasion is
presented in Table 5. The incidence of lymph node metastasis in the patients with depth of submucosal invasion
of 2700 pm or more was 22.4% (11/49). On the other hand, the incidence in the patients with a depth of submu-
cosal invasion of 2700 um or less was 5.7% (3/53). Therefore, it was shown that the incidence of lymph node
metastasis was higher in the patients with submucosal invasion to a depth of 2700 um or more.
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Figure 2. The cut-off the depth of submucosal invasion
were analyzed using a receiver operating characteristic
(ROC) curve.

Table 3. Mutual correlation coefficients using Spearman rank correlation coefficient.

Differentiation (Poor, Muc) Depth of invasion Venous invasion
Differentiation (Poor, Muc) - 0.1788 0.3475
Depth of invasion - 0.4071

Venous invasion -

Table 4. The multivariate analysis.

P-value Odds ratio 95% Confidence interval
Differentiation (the presence of Poor, Muc) 0.10 3.05 0.82-11.29
Depth of invasion (<2700 pm) 0.04 4.18 1.06 - 16.40

Table 5. A comparison of the incidence of lymph node metastasis according to the depth of submucosal invasion.

Depth of invasion (pum) LN metastasis (+)
<2700 pm 3/53 (5.7%)
<2700 pm 11/49 (22.4%)

3.4. The Analysis of the Patients Who Underwent Additional Intestinal Resection
after Endoscopic Resection

In the analysis of the patients who underwent additional intestinal resection after endoscopic resection, there
were 10 patients with a negative endoscopic resection margin and 8 patients with a positive margin (Figures 3(a)
and (b)). Among them, only one patient in whom the endoscopic resection margin was negative had lymph node
metastasis. The reasons for additional intestinal resection in the patients with negative endoscopic resection
margin were the depth of submucosal invasion alone in 3 patients (30%), both the depth of submucosal invasion
and vascular invasion in 5 patients (50%), both depth of submucosal invasion and differentiation in 1 patient
(10%) and the depth of submucosal invasion, vascular invasion and differentiation in 1 patient (10%) (Figure
3(a)). The one patient with lymph node metastasis was the case that exhibited depth of submucosal invasion,
vascular invasion and differentiation. On the other hand, among the 8 patients with positive endoscopic resection
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a Horizontal/vertical margin (-):10 cases b Horizontal/vertical margin(+): 8 cases

U

LN metastasis(+): 1 case (10.0%) LN metastasis(+): 0 case (0%)

Depth of invasion
1000um<)

Horizontal Vertical

margin (+) margin (+)
3
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0

Differentiation
0

Residual tumor (+): 2 cases (25.0%)

Figure 3. The analysis of the patients who underwent additional intestinal resection after endoscopic re-
section.

margins, 4 patients had a positive horizontal margin, 3 patients had a positive vertical margin and one patient
had both positive margins (Figure 3(b)). There were no cases of lymph node metastasis among the 8 patients
with positive endoscopic resection margins; however, residual cancer was observed in specimens from addi-
tional intestinal resection in two patients (25.0%); these cases included one patient with a positive horizontal
margin and one patient with a positive vertical margin.

4. Discussion

Colorectal cancer is one of the most common cancers in the developed countries [16]. In Japan, it accounts for
the largest number of deaths from malignant neoplasms in women and the third largest number in men [1].
However, because the recurrence rate of SICC without lymph node metastasis is approximately 1% [1], the out-
come of SICC is considered to be good [4]. However, as noted above, the lymph node metastasis rate of SICC is
approximately 10% [1]-[4] and various investigations have been performed to determine the criteria for addi-
tional intestinal resection for SICC after endoscopic resection. Sakuragi et al. [17] reported that the depth of
submucosal invasion (>2000 pm) and lymphatic invasion significantly predicted the risk of lymph node metas-
tasis in multivariate analysis. In addition, the depth of submucosal invasion (=1000 um) [18], vascular invasion
[6] [7] [18], differentiation [5]-[7] [19] [20], budding [19] [20] and positive endoscopic resection margin [6] [7]
[9] were considered to be significantly associated with lymph node metastasis.

To date, none of the guidelines have included the depth of submucosal invasion or budding among the criteria
for additional intestinal resection. However, according to the Japanese Society for Cancer of the Colon and
Rectum guidelines 2010 for the treatment of colorectal cancer, if the depth of submucosal invasion is 1000 um
or more, additional intestinal resection is considered. According to past reports, the incidence of lymph node
metastasis of SICC with a depth of submucosal invasion of 1000 pm or more was about 10%. Therefore, ap-
proximately 90% of the patients with a depth of submucosal invasion of 1000 um or more did not have lymph
node metastasis and additional intestinal resection would likely be an unnecessary treatment. Therefore, it would
appear that it is necessary to further refine the criteria for additional intestinal resection for SICC after endo-
scopic resection, which we have attempted to achieve in the present study.

In analysis of the depth of submucosal invasion, the depth was significantly greater in the patients with lymph
node metastasis than in those patients without. Furthermore, when calculating the cut-off values in depth of
submucosal invasion based on the ROC curve, the cut-off value was 2700 um. Consequently, the incidence of
lymph node metastasis was 22.4% (11/49) in the patients with a depth of submucosal invasion of 2700 pm or
more, compared with 5.7% (3/53) among those patients with a depth of submucosal invasion <2700 um. In short,
by raising the cut-off values of the depth of submucosal invasion to 2700 um, it became possible to limit the pa-
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tients with lymph node metastasis. Sakuragi et al. [17] reported that because the incidence of lymph node me-
tastasis was 0.7% in the patients with a depth of submucosal invasion less than 2000 um, nearly all such cases
could be cured with endoscopic resection. In the Japanese Society for Cancer of the Colon and Rectum guide-
lines 2010 for the treatment of colorectal cancer, a depth of submucosal invasion of 1000 um or more was pre-
sented among the criteria for the consideration of additional intestinal resection [1]. This is based on the fact that
there were no patients with lymph node metastasis with a depth of submucosal invasion of less than 1000 pum [1].
Because almost all patients with SICC are completely cured by surgical resection, it is necessary to establish a
prerequisite, for which there is little risk of lymph node metastasis, as the criteria for the consideration of addi-
tional intestinal resection. However, to avoid urinary or sexual dysfunction after additional intestinal resection
[21]-[23], and postoperative morbidity or mortality in elderly patients or those patients with severe comorbid-
ities [24]-[26], it is extremely important to limit the criteria for the consideration of additional intestinal resec-
tion. Netzer et al. [9] also reported that operations in the patients at lower risk of lymph node metastasis should
be assessed individually based on the surgical risk. Therefore, it is considered that the refinement of the criteria
in the present study will be very useful, especially in elderly patients or in patients with severe comorbidities for
whom careful judgment is required when considering additional intestinal resection.

With respect to the method of measuring the depth of submucosal invasion, two problems have been evident
for some time [2]: one problem is that the baseline muscularis mucosae is obscure in many cases of SICC be-
cause rupture or disappearance of the muscularis mucosae can occur as a consequence of carcinomatous inva-
sion into the submucosal layer. Another problem is that tumor morphology is not taken into consideration with
the measurements. To resolve the first problem, when it is possible to identify or estimate the muscularis muco-
sae, the depth of submucosal invasion is measured from the lower border of the muscularis mucosae of the le-
sion. When the muscularis mucosae cannot be identified, the depth of submucosal invasion is measured from the
most superficial aspect [2]. To resolve the second problem, SICC is divided into two macroscopic types, pedun-
culated and nonpedunculated, and the baseline is established for each macroscopic type. For pedunculated SICC,
in which the muscularis mucosae cannot be identified, the depth of submucosal invasion is measured as the dis-
tance between the point of deepest invasion and the baseline, which is the boundary between the tumor head and
the stalk [2]. Kitajima et al. [2] reported that the problems with conventional measurement of submucosal inva-
sion depth were resolved using this method. Furthermore, this method was adopted in the Japanese Society for
Cancer of the Colon and Rectum guidelines 2010 for the treatment of colorectal cancer. In the present study, as
there were very few cases of the pedunculated type, we could not investigate these criteria according to macro-
scopic types.

With respect to the endoscopic resection margin, a positive vertical margin was reported to be a risk for local
recurrence or lymph node metastasis [27] [28]. In the present study, of the two patients, in whom residual cancer
was recognized in specimens from additional intestinal resection, one patient had a positive horizontal margin
and one patient had a positive vertical margin. It was considered that because there were eight patients with
positive endoscopic resection margins, further investigations are needed with more patients. Inappropriate en-
doscopic resection can lead to local recurrence of the tumor, which can sometimes progress to fatal metastasis
[29]. Therefore, it is necessary to perform endoscopic resection with great precision.

5. Conclusion

The multivariate analysis revealing only depth of submucosal invasion (<2700 um) was found to be a significant,
independent predictive factor of lymph node metastasis. It is considered that the refinement of the criteria in the
present study will be very useful, especially in the patients for whom careful judgment is required when consid-
ering additional intestinal resection.
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