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More than 85% of patients with T1 colorectal cancer have no lymph node metastasis and can be cured by
endoscopic resection. To avoid unnecessary surgery after complete endoscopic resection, accurate histologic
methods for evaluating resected specimens are needed to discriminate those at high risk for lymph node
metastasis. A retrospective multi-institutional, cross-sectional study of 806 T1 colorectal cancer patients was
conducted. A budding/sprouting score was incorporated for predicting lymph node metastasis in addition to
other parameters, including the depth of submucosal invasion, histologic grade, and lymphovascular invasion.
Lymph node metastasis was detected in 97 patients. Independent predictors of lymph node metastasis by
multivariate analysis were depth of submucosal invasion ≥1000 μm (odds ratio (95% confidence interval)= 5.56
(2.14–19.10)) and high-grade budding/sprouting (3.14 (1.91–5.21)). Among lesions with a depth of submucosal
invasion ≥ 1000 μm, lymph node metastasis was detected in 59 (29%) of 207 patients with high-grade budding/
sprouting, and in 34 (9%) of 396 with low-grade budding/sprouting. Lymph node metastasis was detected in only
4 (2%) of 203 lesions with a depth of submucosal invasion o1000 μm. Of these four tumors, three invaded
lymphatic and/or venous vessels. Thus, the risk for lymph node metastasis can be classified into three groups:
high risk with a depth of submucosal invasion ≥1000 μm and high-grade budding/sprouting, intermediate-risk
with a depth of submucosal invasion ≥ 1000 μm and low-grade budding/sprouting, and low-risk with a depth of
submucosal invasion o1000 μm. These findings revealed that a depth of submucosal invasion ≥1000 μm and
high-grade budding/sprouting are powerful predictive parameters for lymph node metastasis in T1 colorectal
cancer. This three-tier risk classification system will facilitate the decision for additional major surgery for
T1 colorectal cancer patients after successful endoscopic treatment.
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Colorectal cancer confined to the mucosa and that
invading the submucosa is classified as Tis and T1,
respectively, according to the Union for International
Cancer Control TNM classification1 and, in Japan, is
considered early colorectal cancer regardless of
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lymph node metastasis.2 In the 1950s, early
colorectal cancer was mainly treated surgically.
For polypoid tumors of the rectum and distal colon,
however, local excision was performed to avoid
major surgery that could impair quality of life after
surgery.3 With the development and advances of
endoscopic therapeutic techniques, polypectomy
and endoscopic mucosal resection have become
important tools for treating early colorectal cancer
without lymph node metastasis.4–6

When histopathologic examination of tumors
removed by endoscopic procedures indicates inva-
sion into the submucosa (T1 colorectal cancer),
additional major surgery is recommended because
of the risk of lymph node metastasis.7 The frequency
of lymph node metastasis, however, is <15% based
on large-scale studies,8–15 and 85% of T1 colorectal
cancer patients are cured by endoscopic treatment
alone. The establishment of reliable criteria for
discriminating patients with a high risk of lymph
node metastasis from those with a low risk is thus an
important issue in terms of providing adequate
treatment to patients with T1 colorectal cancer.

To establish reliable criteria for recommendation
of additional major surgery after endoscopic treat-
ment in patients with T1 colorectal cancer, the
Japanese Society for Cancer of the Colon and Rectum
conducted a retrospective multicenter study
to evaluate the risk of lymph node metastasis in T1
colorectal cancer patients.

Materials and methods

Patients

Patients with T1 colorectal cancer who underwent
major surgery with or without preceding endoscopic
resection between 1976 and 2007 at six institutions
(National Defense Medical College, Tokyo Metropo-
litan Cancer and Infectious Diseases Center, Koma-
gome Hospital, Dokkyo Medical University, Tokyo
Medical and Dental University, Fukuoka University
Chikushi Hospital, and Niigata University) affiliated
with the Japanese Society for Cancer of the Colon

and Rectum were enrolled in the study. Patient age,
sex, tumor location, and lymph node metastasis
status were obtained from the pathology records at
each hospital. All procedures involving human
participants in the present study were performed in
accordance with the 1964 Helsinki declaration
and its later amendments or comparable ethical
standards.

Histologic Evaluation

Histologic evaluations were performed by a single
pathologist at each institute (HU, TN, TF, HK,
AI, and YA) using hematoxylin and eosin-stained
sections. Before beginning the evaluation process,
the criteria for histologic evaluation were discussed
in the Study Group for Budding/Sprouting in Colo-
rectal Cancer of the Japanese Society for Cancer of
the Colon and Rectum and a consensus was reached,
as described below.

Budding/sprouting was assessed based on the
number of foci of isolated cancer cells or a cluster
comprising <5 cells in the invasive frontal region, as
previously described by Ueno et al.13 The whole area
of the invasive frontal region was scanned at low-
power magnification, and then the field in which
budding/sprouting was most intensive was selected.
Budding/sprouting was counted in a field measuring
0.95mm2 using a 20× objective lens and 10× ocular
lens (Figure 1), and classified as grade 1 (0–4 foci in
the field), grade 2 (5–9 foci), or grade 3 (≥10 foci;
Figure 2). When the foci were difficult to be discri-
minated from mesenchymal cells such as fibroblasts
or macrophages, or the foci were associated with
marked inflammation or disrupted glands, such foci
were excluded from being considered budding/
sprouting foci to avoid overestimation.

The depth of submucosal invasion was measured
according to the definition of the Japanese Society
for Cancer of the Colon and Rectum (Figure 3).2,16
First, each tumor was classified as one of the
following three tumor types according to the tumor
shape and status of the muscularis mucosa: pedun-
culated tumor, nonpedunculated tumor with

Figure 1 Histologic assessment of budding/sprouting for T1 colorectal cancer is shown. Invasive frontal region is indicated by the dotted
line. The whole area of the invasive frontal region was scanned at low-power magnification (a). One microscopic field containing the most
intensive budding/sprouting foci was selected and the number of budding/sprouting foci was counted using 20× objective lens and
10× ocular lens (b).
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identifiable muscularis mucosa, and nonpeduncu-
lated tumor without identifiable muscularis mucosa.
The depth of submucosal invasion was measured
according to the criteria for each tumor type. In
pedunculated tumors, the depth of submucosal
invasion was classified as head invasion (invasive
cancer tissue was confined to the head of the polyp;
corresponding to Haggitt’s level 1) or stalk invasion
(cancer invaded into the stalk of the polyp; corre-
sponding to Haggitt’s level 2 or deeper).17 In tumors
with head invasion, the depth of submucosal inva-
sion was considered to be 0 μm. In tumors with stalk
invasion, the vertical distance from the line between
the head and stalk (named ‘Haggitt’s line’ by
Matsuda et al18) to the invasive front was measured
as the depth of submucosal invasion. In nonpedun-
culated tumors with identifiable muscularis mucosa,
the depth of submucosal invasion was defined from
the bottom line of the muscularis mucosa to the
invasive front. In nonpedunculated tumors without

Figure 2 Representative histologic micrographs of budding/sprouting grade 2 (a, b) and grade 3 (c, d) are shown ((a, c) low-power
magnification and (b, d) high-power magnification of the squares in (a) and (c) respectively). In (d), a representative budding/sprouting focus
(indicated by arrow) is shown in the inset. Both grades 2 and 3 were also classified as ‘high-grade budding/sprouting’ in the present study.

Figure 3 Method of evaluating the depth of submucosal invasion
proposed by the Japanese Society for Cancer of the Colon and
Rectum.2,16
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identifiable muscularis mucosa, the depth of sub-
mucosal invasion was defined as the tumor thickness
measured from the surface of the tumor to the
invasive front at the deepest invasive site. Histologic
grade was classified into two levels, low grade (well
differentiated to moderately differentiated) or high
grade (poorly differentiated, mucinous carcinoma, or
signet-ring cell carcinoma), and the most predomi-
nant component was considered the histologic grade
of each tumor, using the criteria of the Japanese
Society for Cancer of the Colon and Rectum.2
Lymphatic and venous invasion within the tumor
as well as in the adjacent tissue was evaluated based
on hematoxylin and eosin-stained sections and
graded as positive or negative.

Statistical Analyses

The χ2 test or Wilcoxon test was used for analysis of
the differences between pairs of groups. Univariate
and multivariate logistic regression analyses were
used to examine the risk factors for lymph node
metastasis. In the multivariate analysis, all of the
factors were placed in the model simultaneously.
Two-sided P-values of <0.05 were considered statis-
tically significant. JMP software (version 9.0.2; SAS
Institute, Cary, NC, USA) was used for all statistical
calculations.

Results

Subjects

A total of 806 tumors from 806 patients (482 men and
324 women, mean age 63.9 years, range 24–94 years)
enrolled in the study were used.

Univariate and Multivariate Analyses of Lymph Node
Metastasis

The results of the univariate analyses are summar-
ized in Table 1. Lymph node metastasis was detected
in 97 (12%) of 806 cases. The rate of lymph node
metastasis in nonpedunculated-type tumors (91/667,
14%) was significantly greater than in pedunculated-
type tumors (6/139, 4%). The depth of submucosal
invasion was significantly greater in lesions with
lymph node metastasis than in those without lymph
node metastasis. Among 203 tumors with a depth of
submucosal invasion o1000 μm, 4 (2%) had lymph
node metastasis; this rate was significantly lower
than the rate of lymph node metastasis in tumors
with a depth of submucosal invasion ≥ 1000 μm
(93/603, 15%; Po0.0001). The rate of lymph node
metastasis of tumors with a high histologic grade was
significantly greater than that of tumors with a low
histologic grade (30% and 12%, respectively,
P=0.01). Lymphatic and venous invasion were
significantly correlated with lymph node metastasis.
Tumors with budding/sprouting grade 2 or 3 were

more frequently associated with lymph node metas-
tasis than tumors with budding/sprouting grade 1
(25% and 7%, respectively, Po0.0001). The positive
rate of lymph node metastasis did not differ
significantly between budding/sprouting grade 2
and grade 3. According to the budding/sprouting
findings, two-tier grading, low grade (corresponding
to grade 1) and high grade (corresponding to grades 2
or 3), was used for subsequent analyses. The positive
rate of lymph node metastasis was not dependent on
age, sex, tumor location, or tumor size. Multivariate
analysis by a logistic regression model using the
six parameters that were significantly correlated
with lymph node metastasis in the univariate
analyses indicated that lymph node metastasis
independently correlated with a depth of

Table 1 Univariate analysis of clinicopathologic and histologic
parameters for lymph node metastasis

Negative for
lymph node
metastasis

(%)

Positive for
lymph node
metastasis

(%) P-value

Total number of patients 709 (88) 97 (12)
Sex
Male 424 (88) 58 (12)
Female 285 (88) 39 (12) 0.99

Age
Mean± s.d. 63.7 ± 11.1 65.5 ± 11.1 0.14

Tumor location
C/A/T/D/S/R 34/91/70/30/

246/238
1/9/5/3/
33/46

0.06

Tumor size
Mean± s.d. (mm) 20.6 ± 13.1 19.6 ± 9.9 0.97

Tumor type
Pedunculated type 133 (96) 6 (4)
Nonpedunculated type 576 (86) 91 (14) 0.001

Depth of submucosal invasion
Mean± s.d. (μm) 2256±1939 3061±1839 o0.0001
o1000 μm 199 (98) 4 (2)
≥ 1000 μm 510 (85) 93 (15) o0.0001

Histologic grade
Low grade 695 (88) 91 (12)
High grade 14 (70) 6 (30) 0.01

Lymphatic invasion
Negative 500 (91) 47 (9)
Positive 209 (81) 50 (19) o0.0001

Venous invasion
Negative 472 (91) 49 (9)
Positive 237 (83) 48 (17) 0.002

Budding/sprouting
Grade 1 (low grade) 535 (93) 38 (7)
Grade 2 or 3 (high grade) 174 (75) 59 (25) o0.0001a

Grade 2 111 (77) 34 (23) o0.0001a

Grade 3 63 (72) 25 (28) o0.0001a,
0.40b

C, cecum; A, ascending colon; T, transverse colon; D, descending
colon; S, sigmoid colon; R, rectum.
aCompared with grade 1 (low grade).
bCompared with grade 2.
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submucosal invasion ≥ 1000 μm and high-grade
budding/sprouting (Table 2).

Combination of Risk Factors Based on the Results of
Multivariate Analysis and the Frequency of Lymph
Node Metastasis

Relationships between combinations of histologic
parameters and lymph node metastasis were ana-
lyzed (Table 3). Among patients having tumors with
both of the independent parameters (depth of
submucosal invasion ≥ 1000 μm and high-grade
budding/sprouting), 29% (59/207) had lymph node
metastasis. On the other hand, no lymph node
metastasis was detected in patients with tumors
with a depth of submucosal invasion o1000 μm and
high-grade budding/sprouting (0/26), and only a low
rate of lymph node metastasis was observed in those
with tumors with a depth of submucosal invasion
o1000 μm and low-grade budding/sprouting (4/177,
2%). In these three groups, the rates of lymph node
metastasis were not affected by histologic grade or
lymphovascular invasion. In patients having tumors

with a depth of submucosal invasion ≥1000 μm
and low-grade budding/sprouting, 34 (9%) of 396
patients had lymph node metastasis. In this group,
the rate of lymph node metastasis was higher in
patients with either high histologic grade or positive
lymphovascular invasion than in patients without
either of these two parameters (20/160, 13%; vs
14/236, 6%; P=0.02).

Correlation between Tumor Type, Depth of
Submucosal Invasion, Budding/Sprouting, and
Lymph Node Metastasis

The rate of lymph node metastasis at each level of
depth of submucosal invasion and each grade of
budding/sprouting among pedunculated tumors
and nonpedunculated tumors is shown in Table 4.
In pedunculated tumors, the rates of lymph node

Table 2 Multivariate analysis of the six parameters for lymph
node metastasis using a logistic regression model

Histologic parameters
Odds
ratio

(95% confidence
interval) P-value

Depth of submucosal
invasion ≥1000 μm

5.56 (2.14–19.10) o0.0001

High-grade budding/
sprouting (grade 2 or 3)

3.14 (1.91–5.21) o0.0001

High histologic grade 1.88 (0.63–5.09) 0.25
Positive lymphatic invasion 1.53 (0.94–2.50) 0.09
Nonpedunculated type 1.49 (0.64–4.11) 0.37
Positive venous invasion 1.08 (0.67–1.74) 0.75

Table 3 Combinations of the histologic parameters and lymph node metastasis

Combination of histologic parameters

Number of patients (%)

Negative for lymph
node metastasis

Positive for lymph
node metastasis

Depth of submucosal invasion ≥1000 μm, total 510 (85) 93 (15)
High-grade budding/sprouting 148 (71) 59 (29)a

High histologic grade or positive for lymphovascular invasion 121 (71) 49 (29)b

Low histologic grade and negative for lymphovascular invasion 27 (73) 10 (27)b
Low-grade budding/sprouting 362 (91) 34 (9)a
High histologic grade or positive for lymphovascular invasion 140 (88) 20 (13)c

Low histologic grade and negative for lymphovascular invasion 222 (94) 14 (6)c

Depth of submucosal invasion o1000 μm, total 199 (98) 4 (2)
High-grade budding/sprouting 26 (100) 0 (0)d
High histologic grade or positive for lymphovascular invasion 17 (100) 0 (0)
Low histologic grade and negative for lymphovascular invasion 9 (100) 0 (0)

Low-grade budding/sprouting 173 (98) 4 (2)d

High histologic grade or positive for lymphovascular invasion 53 (95) 3 (5)e

Low histologic grade and negative for lymphovascular invasion 120 (99) 1 (1)e

aPo0.0001; bP=0.83; cP=0.02; dP=0.44; and eP=0.06.

Table 4 Correlation between tumor type, depth of submucosal
invasion, budding/sprouting, and lymph node metastasis

Pedunculated tumor Nonpedunculated tumor

Positive for
lymph node
metastasis

Total
(%)

Positive for
lymph node
metastasis

Total
(%)

Depth of submucosal invasion
o1000 μma 2 91 (2) 2 112 (2)
≥1000 μm 4 48 (8) 89b 555 (16)

Budding/sprouting
Low grade 4 116 (3) 34 457 (7)
High grade 2 23 (9) 57c 210 (27)

Total 6 139 (4) 91 667 (14)

aIncludes head invasion in pedunculated tumor.bPo0.0001 (com-
pared with depth of submucosal invasion o1000 μm).cPo0.0001
(compared with low-grade budding/sprouting).

Modern Pathology (2015) 28, 872–879

Lymph node metastasis in T1 colorectal cancer

876 H Kawachi et al



metastasis in tumors with a depth of submucosal
invasion ≥1000 μm and in tumors with high-grade
budding/sprouting tended to be higher than in
tumors with a depth of submucosal invasion
o1000 μm and in tumors with low-grade budding/
sprouting, respectively, although there was no
statistical significance. In nonpedunculated tumors,
tumors with a depth of submucosal invasion
≥1000 μm and tumors with high-grade budding/
sprouting had significantly higher rates of lymph
node metastasis than tumors with a depth of
submucosal invasion o1000 μm and tumors with
low-grade budding/sprouting, respectively
(Po0.0001).

Discussion

The findings of the present study demonstrated that
six parameters, including nonpedunculated tumor
type, depth of submucosal invasion ≥ 1000 μm,
high histologic grade, positive lymphatic invasion,
positive venous invasion, and high-grade budding/
sprouting, were significant predictive factors for
lymph node metastasis by univariate analysis, and
depth of submucosal invasion ≥1000 μm and high-
grade budding/sprouting were statistically indepen-
dent factors by multivariate analysis. Based on these
findings, we stratified the risk of lymph node
metastasis into three groups by combining indepen-
dent factors: high-risk group: tumors with a depth of
submucosal invasion ≥1000 μm, and high-grade
budding/sprouting (lymph node metastasis present
in 29%); intermediate-risk group: tumors with a
depth of submucosal invasion ≥1000 μm and low-
grade budding/sprouting (lymph node metastasis in
9%); and low-risk group: depth of submucosal
invasion o1000 μm (lymph node metastasis in
2%). Histologic grade and lymphovascular invasion
might be useful determinants for classifying the
intermediate-risk group. Although histologic grade
and lymphovascular invasion were not significant
factors in the high-risk and low-risk groups, three
of four cases with lymph node metastasis in the low-
risk group had lymphatic and/or venous invasion.

Histologic risk factors for lymph node metastasis
in T1 colorectal cancer have been reported by many
studies and are used for decisions regarding treat-
ment for patients undergoing endoscopic excision of
T1 colorectal cancer. The National Comprehensive
Cancer Network guidelines and the European
Society for Medical Oncology guidelines recom-
mend that patients with tumors having at least one
of the histologic risk factors (unfavorable histologic
features) should undergo additional major
surgery.19–21 In Japan, the guidelines first published
in 2005 by Japanese Society for Cancer of the Colon
and Rectum recommended additional major surgery
after successful endoscopic excision when tumors
had at least one of the risk factors, that is, a depth of
submucosal invasion ≥ 1000 μm, high histologic

grade (poorly differentiated, mucinous carcinoma,
or signet-ring cell carcinoma), or lymphovascular
invasion.22 In the second edition (Japanese Society
for Cancer of the Colon and Rectum guidelines
2010), budding/sprouting was incorporated into the
histologic risk factors.16 In patients receiving
additional major surgery according to the recom-
mendation, however, metastasis was found in 15 to
16%, and up to 80% or more might undergo
unnecessary surgery in terms of lymph node
metastasis.15,23

According to the recommendation of the Japanese
Society for Cancer of the Colon and Rectum guide-
lines 2010, additional major surgery would not be
recommended for 121 (15%) of the 806 patients in
the present study and lymph node metastasis could
be found in only 1 (1%), whereas additional surgery
would be recommended for 685 patients (85%) and
lymph node metastasis could be found in 96 (14%).
This concept may be beneficial but still many
patients would have unnecessary surgery. Regarding
international consensus guidelines such as those of
the National Comprehensive Cancer Network or
European Society for Medical Oncology,19–21 similar
results might be obtained based on a similar concept.
To further reduce unnecessary surgery, more useful
methods for predicting the risk of lymph node
metastasis in patients with T1 colorectal cancer are
needed. Based on stratification of the risk group of
the present study, additional surgery would not be
recommended for 203 (25%) patients in the low-risk
group, and endoscopic treatment alone would be
curative in 236 (29%) patients in the intermediate-
risk group with neither high histologic grade nor
lymphovascular invasion.

Several studies of the risk of lymph node metas-
tasis in T1 colorectal cancer revealed a predictive
value of each histologic parameter, but only a few
studies conducted to date have established effective
risk evaluation methods for lymph node metastasis
in T1 colorectal cancer. Ueno et al13 proposed
predictive models based on the analysis of 251
cases, and demonstrated that a combination of
unfavorable histologic grade, vascular invasion,
budding/sprouting, and width of submucosal inva-
sion was the best model. Egashira et al24 analyzed
140 cases and developed an effective algorithm
based on parameters such as the presence and depth
of lymphatic permeation, depth of submucosal
invasion, structural atypia (cribriform type), lym-
phoid infiltration, and venous invasion. Compared
with these studies, the present study was based
on a larger number of cases and used standardized
methods to evaluate the depth of submucosal
invasion and budding/sprouting to develop a routine
pathologic examination for stratifying patients based
on the risk of lymph node metastasis. Although
further investigation is necessary to validate these
algorithms, the present study provides useful infor-
mation for determining whether additional surgery is
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recommended for patients with T1 colorectal cancer
removed by an endoscopic approach.

The present study demonstrated that budding/
sprouting is a high impact factor for predicting lymph
node metastasis in T1 colorectal cancer. Although the
implication of budding/sprouting in deeply invasive
colorectal cancer was first reported in 1989,25 many
studies have also focused on budding/sprouting as a
risk factor of lymph node metastasis in T1 colorectal
cancer.12–15,26–32 Some investigators refer to findings
similar to budding/sprouting as ‘unfavorable histology
at the invasive front,’33 ‘focal dedifferentiation,’34 or
‘tumor cell dissociation,’35 although the definition is
not always consistent.13,25,32,36 In the evaluation of
budding/sprouting, we adopted the definition of Ueno
et al13 because it is widely used and has good
reproducibility.13,37 The present study originally
classified budding/sprouting into grades 1, 2, and 3
based on the number of budding/sprouting foci. The
two-tier grading system using low grade (correspond-
ing to grade 1) and high grade (corresponding
to grades 2 or 3) however is better for practical use
because there were no significant differences between
grades 2 and 3 in terms of lymph node metastasis in
the present study.

Regarding tumor type, pedunculated tumors are
considered to have a relatively low frequency of
lymph node metastasis. Matsuda et al18 reported an
overall incidence of lymph node metastasis in 3.5%
in such tumors, similar to our results (4%). More-
over, tumors with head invasion and stalk invasion
with a depth of invasion o1000 μm are considered
to have an extremely low frequency of lymph node
metastasis,12,18 as confirmed by the present study.
We also elucidated that the cutoff value of 1000 μm
for nonpedunculated tumors was very useful, as
previously reported.12,14 That is, this cutoff value
seems feasible for practical use in both pedunculated
and nonpedunculated tumors. The present study
revealed that tumors with a depth of submucosal
invasion ≥1000 μm and high-grade budding/sprout-
ing had a higher incidence of lymph node metastasis
among both pedunculated and nonpedunculated
tumors. In pedunculated tumors, however,
the difference was not statistically significant and
this may be because of the low overall incidence of
lymph node metastasis.

In conclusion, the present study revealed that
depth of submucosal invasion ≥ 1000 μm and bud-
ding/sprouting were powerful predictive parameters
for lymph node metastasis in T1 colorectal cancer.
The three-tier risk classification proposed in the
present study might provide important information
for deciding on treatment for T1 colorectal cancer
patients after endoscopic excision.
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