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PURPOSE: Although risk factors for histologically overt
lymph node metastasis in patients with early-stage colorec-
tal cancer have been clarified, the risk factors for occult
lymph node metastasis are not clear. This study was
designed to clarify risk factors for lymph node metastasis,
including occult metastasis, in patients with colorectal
cancer invading the submucosa and to determine the
criteria for endoscopic resection of early colorectal cancer.
METHODS: The risk factors for lymph node metastasis,
including occult metastasis, were analyzed in 86 cases of
surgically resected colorectal cancer invading the submu-
cosa. The lymph nodes were assessed by immunohisto-
chemistry with cytokeratin antibody CAMS.2. RESULTS:
The frequencies of overt and occult metastasis to the
tymph nodes were 13 percent (11/86) and 13 percent (10/
75), respectively. Multivariate analysis showed vascular
invasion (P=0.001) and tumor budding (P=0.003) to be
independent risk factors for lymph node metastasis,
including occult metastasis. For tumors with submucosal
invasion <1,000 um, no lymph node metastasis was found.
The frequencies of lymph node metastasis for tumors with
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submucosal invasion of 1,000 to 2,000 pm and >2,000 ym
were 21 and 37 percent, respectively. In considering
combinations of risk factors, there was no lymph node
metastasis in tumors having neither vascular invasion nor
tumor budding and submucosal invasion of <3,000 um.
CONCLUSIONS: Véiscular invasion, tumor budding, and the
degree of submucosal invasion were significant risk factors
for lymph node metastasis, including occult metastasis.
These three factors can be used in combination to identify
patients requiring additional surgery after endoscopic
resection. {Key words: Colorectal cancer; Lymph node
metastasis;” Occult metastasis; Immunohistochemistry;
Endoscopic treatment]

ecent progress in endoscopic diagnosis and
R techniques has resulted in increased frequency
of detection of early-stage colorectal cancer. Some of
these tumors can be safely and successfully removed
endoscopically.’™ Although endoscopic resection is
considered adequate therapy for early-stage colorec-
tal cancer without lymph node metastasis, there is a
risk of lymph node metastasis when cancer cells have
invaded the submucosa. Previous studies have clar-
ified the risk factors for histologically determined
lymph node metastasis in patients with colorectal
cancer invading the submucosa, and these factors
include the depth of submucosal invasion, vascular
invasion, poorly differentiated cancer, and tumor
budding.*”
With recent developments in immunohistochemis-
try and molecular biology, it has become possible to
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identify single or small clustered tumor cells that
cannot be detected by conventional histologic exam-
ination based on hematoxylin and eosin staining.®*°
Histologically overt lymph node metastasis is one of
the most important prognostic factors in patients with
colorectal cancer.!™*2 Although there is still contro-
versy about the prognostic significance of occult
lymph node metastasis in patients with histologically
determined node-negative colorectal cancer,>>-16
the possibility that occult lymph node metastasis
has adverse effects cannot be neglected. However,
few studies have specifically addressed the factors
predicting occult lymph node metastasis in patients
with colorectal cancer invading the submucosa.*
This study was designed to determine the frequency
of occult lymph node metastasis in cases of colorectal
cancer invading the submucosa and to clarify the risk
factors for lymph node metastasis, including occult
metastasis, which would be clinically useful for
determining therapeutic approaches. Special atten-
tion was directed to the depth of submucosal

"invasion, which is considered the most important

predictor of lymph node metastasis.

PATIENTS AND METHODS

The study subjects comprised 95 patients with
colorectal cancer invading the submucosa treated by
surgical resection and lymphadenectomy at the
Department of Gastroenterological Surgery, Oita
University Faculty of Medicine, or at one of three
associated hospitals. It is more difficult to identify the
proper cutting angle with endoscopically resected
specimens than with surgical specimens.'” To evalu-
ate accurately the depth of submucosal invasion,
nine patients who underwent previous endoscopic
treatment were excluded. :

The age and gender of patients, tumor size, and
histologic type were obtained from the patients’
medical charts and pathology reports. Histologic
and macroscopic types were determined according
to the Japanese classification of colorectal carcinoma
outlined by the Japanese Society for Cancer. of the
Colon and Rectum.’® Macroscopically, tumors were
classified as protruded (Ip, Isp, Is) or superficial (Ia,
IIb, i, ITa + Iic, Ilic + ITa). The depth of submucosal
invasion was defined as the vertical distance from the
lower edge of the muscularis mucosa to the deepest
invasive front and was measured with an optical
micrometer. When the muscularis mucosa could not
be identified, the vertical distance from apex of the
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tumor to the deepest invasive front was mgasured.‘
Vascular invasion was regarded as cancerous in-
volvement of lymphatic and/or venous vessels and
was assessed immunohistochemically with anti-human
endothelial cell antibody CD31 (Dako, Glostrup,
Denmark) and Victoria blue elastic fiber staining.
Tumor budding was defined as an isolated undiffer-
entiated cell or small cluster of undifferentiated
cancer cells at the advancing edge of the tumor.'
Resected specimens were fixed in 10 percent
formalin, and the whole lesion was cut into 3-mm-thick
specimens. The specimens were embedded in paraf-
fin and stained with hematoxylin and eosin. Routine
histopathologic examination was performed with one
section from each block. All lymph nodes were reeval-
uated histologically to confirm the presence of overt
lymph node metastasis. To determine whether lymph

" node micrometastasis was present, one 3-pm-thick
. section from each node was prepared for hematox-

ylin and eosin staining, and five 6-um-thick sections
were prepared for immunohistochemical staining
with mouse monoclonal anti-human cytokeratin
antibody (CAM 5.2; Becton Dickinson, San Jose,
CA). Immunohistochemical staining was performed
by the streptavidin-biotin immunoperoxidase meth-
od (Histofine SAB-PO kit; Nichirei Corp., Tokyo,
Japan). For aﬁtigen retrieval, deparaffinized and
dehydrated sections were trypsinized in 0.1 percent
calcium chloride for 20 minutes. The sections were
incubated with CAM 5.2 at 1:5 dilution, biotinylated
rabbit anti-mouse immunoglobulin, and streptavidin-
peroxidase. Occult metastasis was defined as the
presence of a single cell or a small cluster of cancer
cells immunostained by CAM 5.2 and not detected
by hematoxylin and eosin staining, which is classi-
fied as isolated tumor cell by the TMN classifica-
tion.?? Immunohistochemical staining with CD31
antibody (dilution 1:20) was performed in the same
manner. ’

The chi-squared and Fisher’s exact tests were used
to compare categorical variables and the #test was
used for continuous variables. Independent risk
factors for lymph node metastasis were examined
by multivariate stepwise logistic regression analysis.
P<0.05 was considered statistically significant.

RESULTS

A total of 793 lymph nodes from 86 patients with
colorectal cancer invading the submucosa were
examined. The number of lymph nodes per patient
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ranged from 1 to 39 (median, 7; mean, 9). Histolo-
gically overt lymph node metastasis was detected in
27 of the 793 lymph nodes and was found in 11 of
86 patients. Among histologically node-negative co-
lorectal cancer, lymph node micrometastasis was
detected in 22 of 643 lymph nodes and was found in
10 of 75 patients. The majority of occult metastases
was located in the peripheral sinuses and was found
as single cells or small clusters of tumor cells. The
overall frequency of lymph node metastasis, including
occult and overt metastasis was 24 percent (21/86
patients). .

Clinicopathologic factors in the 86 study patients
are shown by the presence and absence of occult or
overt metastasis to the lymph nodes in Table 1. The
presence of lymph node metastasis was significantly
associated with histologically moderate or poor
differentiation (£<0.01), degree of submucosal inva-
sion (P <0.05), vascular invasion (P<0.01), and tumor
budding (P<0.01).

Multivariate stepwise logistic regression analysis
included nine dichotomous factors listed on Table 1.
Of these, risk factors independently associated with -

YASUDA ET AL
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lymph node metastasis were vascular invasion
(P<0.01) and tumor budding (P<0.01; Table 2).
The degree of submucosal invasion was signifi-
cantly associated with the status of lymph node
metastasis (Table 3). For tumors with submucosal
invasion of <1,000 pum, no lymph node metastasis
was found. Among 19 tumors with submucosal
invasion of 1,000 to 2,000 pm, 4 (21 percent) had
metastasized to lymph nodes. Among 46 tumors with
submucosal invasion of >2,000 pum, 17 (37 percent)
had metastasized to lymph nodes, and 10 of these 17
(59 percent) showed overt lymph node metastasis.
The minimal extent of submucosal invasion in
tumors with lymph node metastasis, including occult
metastasis, was 1,200 um, and all node-positive
tumors with submucosal invasion of <3,000 um
showed vascular invasion, tumor budding, or both.

DISCUSSION

Endoscopic resection has become the standard
treatment for small colonic polyps.3?!?2 Advances in
endoscopic instruments and techniques have

: Table 1. :
Association Between Clinicopathologic Factors and LympgNode Metastasis

Occult or Overt Lymph Node Metastasis

Factor Positive (n=21) Negative (n=65) P Value

Age (yr)

MeantSD 66.5+10.2 67.219.9 0.78

<65 9 22

>65 12 43 0.454
Male/female ratio 13/8 44/21 0.625
Tumor site

Colon 17 51

Rectum ' 4 14 0.807
Tumor size (mm)

Mean+SD 2.210.9 2.41+1.7 0.49

<20 10 . 34

>20 11 31 0.708
Macroscopic type :

Protruded 18 43

Superficial 3 22 0.086
Histologic differentiation

Well 10 54

Moderate, Poor® 1 11 0.001
Depth of submucosal invasion (um)

MeaniSD ' 3,054.8+1,204.3 2,212.3+1,820.7 0.018

<2,000 4 36

>2,000 . 17 29 0.003
Vascutar invasion present 18 23 ) 0
Tumor budding present 17 23 0

SD=standard deviation.

20nly two tumors in the nodé-negative group had poor histologic differentiation. t-test for continuous variables and

chi-squared test for categorical variables.
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: Table 2.
Muttivariate Analysis of Risk Factors for Lymph Node Metastasis

Variable P Value Odds Ratio 95% Confidence Interval

Age (yr) -

<65 vs. >65 0.741
Gender

Male vs. female 0.893
Tumor site

Colon vs. rectum 0.418
Tumor size (mm)

<20 vs. >20 0.758
Macroscopic type A

Protruded vs. 0.465

superficial

Histologic differentiation

Well vs. moderate, 0.293

poor

Depth of submucosal invasion (um)

<2,000 vs. >2,000 0.209
Vascular invasion

Absent vs. present 0.001 12.023 3.751-116.751
Tumor budding :

Absent vs. present 0.001 11.112 3.644-146.031

increased the number of endoscopic resections for
early-stage colorectal cancer and provided a beiter
quality of life for patients. However, with the
widespread application of endoscopic treatments,
adverse outcomes, such as tumor recurrence, have
been observed.?>?* Therefore, it is necessary to
determine the optimum criteria for endoscopic
resection of early-stage colorectal cancer.

This is the first detailed study that addressed risk
factors for lymph node metastasis, including occult
metastasis, in patients with colorectal cancer invad-
ing the submucosa. We found an overall frequency

of micrométastasis and overt metastasis to the lymph
nodes of 24 percent in patients with colorectal cancer
invading the submucosa. Independent risk factors for
lymph node metastasis were vascular invasion and
tumor budding. Moreover, the degree of submucosal
invasion was strongly associated with the status of
lymph node metdbtasis and therefore was a useful
parameter for determining whether endoscopic re-
section could be considered curative.

The frequency of histologically overt lymph node
metastasis in cases of colorectal cancer invading the
submucosa is reported at 8 to 17 percent.3'5'7'”'25'26

Table 3. d -
Depth of Submucosal Invasion and Lymph Node Metastasis

Lymph Node Metastasis

Occult

Overt
Depth of Submucosal Invasion (um) Metastasis Metastasis Total
<1,000 0 0 0/21 (0%)
<5600 0 0 0/16
500-1,000 . 0 0 0/5 -
1,000-2,000 3 1 4119 (21%)®
1,000-1,500 2 1 3/13 ’
1,500-2,000 1 0 1/6 _
>2,000 10 10 17/46 (37%)°
2,000-2500 - 1 2 3/8
2,500-3000 4 3 5/M
3,000+ 5 5 9/27

2 P<0.05 by Fisher’s exact test (tumors with submucosal invasion of < 1,000 pum vs. tumors with submucosal invasion

of 1,000-2,000 pm).

®pP<0.01 by Fisher’s exact test (tumors with submucosal invasion of < 1,000 um vs. tumors with submucosal invasion

of 2,000 pm)
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Accordingly, we observed a frequency of 13 percent
(11/86). Moreover, occult lymph node metastasis was
found by immunohistochemistry in 10 of 75 patients
(13 percent) with histologically determined node-
negative colorectal cancer. There have been only two
other studies regarding occult lymph node metastasis
in cases of colorectal cancer invading the submucosa;
the frequencies of occult lymph node metastasis
were 10 and 13 percent.*!> These data were in
accordance with that of our series.

The prognostic importance of occult lymph node
metastasis is known in cancer of other organs, including
breast, esophageal, and gastric cancer.”~? Although
the significance of occult lymph node metastasis in
colorectal cancer remains controversial,>'>'% several
-previous studies have shown that the number and
level of occult lymph node metastasis is significantly
associated with postoperative recurrence.'*'* To
establish appropriate criteria for endoscopic treat-
ment, the risk factors for lymph node metastasis,
including occult metastasis, should be evaluated. Our
multivariate analysis showed that vascular invasion
and tumor budding are significant risk factors for
lymph node metastasis, including occult metastasis.

The degree of submucosal invasion was not an
independent risk factor and it might be associated
with relatively low statistical power. However, this
quantitative variable was clinically significant, espe-
cially in endoscopically resected specimens. Many
previous studies have shown that the degree of
submucosal invasion is an important predictor of
lymph node metastasis.>>3° There are several clas-
sification systems for the depth of submucosal
invasion of colorectal cancer.>3! Kudo et al.3 divided
the submucosal layer into three equal parts (upper:
sml, middle: sm2, lower: sm3) and showed the
. degree of submucosal invasion to be associated with

the frequency of lymph node metastasis. However,
their classification system is relative, and it is difficult
to evaluate an endoscopically resected specimen for
which the full thickness of the submucosal layer has
not been removed. Haggitt et al3' proposed a four-
level classification system for the depth of submuco-
sal invasion in cases of colorectal polyps. Level 4
tumors, which invade the submucosa of the under-
lying colonic wall, pose a high risk of lymph node
_ metastasis and require additional surgery after endo-
scopic resection. However, Haggitt’s classification
system does not reflect the degree of submucosal
invasion of the tumor. Sessile-type cancers with slight
submucosal invasion are always classified as Level 4

YASUDA ET AL
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tumors, and even pedunculated-type cancers with
massive submucosal invasion may be classified as
Level 2 or 3 tumors. , :

Measuring the vertical distance of submucosal
invasion from the muscularis mucosa seems to be
accurate and appropriate for endoscopic resection
cases. Kobayashi et al*® studied 154 colorectal
cancers invading the submucosa and reported that
tumors with submucosal invasion of <1,000 um
showed no lymph node metastasis. A Japanese
collaborative study in a large series of 865 patients
with colorectal cancer invading the submucosa
found no lymph node metastasis in tumors with
submucosal invasion of <1,000 um.>? Accordingly, in
our current study, neither overt lymph node metas-
tasis nor micrometastasis in the lynmiph nodes was
observed for tumors with submucosal invasion of
<1,000 pm. These study results indicate that when
submucosal invasion of an endoscopically resected
tumor is <1,000 um, complete cure can be achieved
by endoscopic resection alone.

To extend the criteria for curative endoscopic
resection, the combination of a quantitative factor
(depth of submucosal invasion) and qualitative
factors, including vessel invasion and tumor bud-
ding, is useful.® The Japanese collaborative study
showed that the_g,é was no lymph node metastasis in
cases of pedunculated tumors with <3,000 um of
submucosal invasion and without lymphatic inva-
sion.3? Ueno et al.% examined 292 colorectal cancers
invading the submucosa and analyzed the correlation
between a combination of risk factors and lymph
node metastasis. No lymph node metastasis was
found in tumors having none of the three qualitative
risk factors (unfavorable tumor grade, vascular
invasion, and tumor budding) and <2,000 um of
submucosal invasion. The present study showed that
tumors with <3,000 pm of submucosal invasion and
neither vascular invasion nor tumor budding were
without even lymph node micrometastasis. There-
fore, when a tumor with submucosal invasion of
<3,000 um shows neither vascular invasion nor
tumor budding, additional colectomy with lymph
node dissection seems to be unnecessary.

CONCLUSIONS

Vascular invasion and tumor budding were impor-
tant risk factors for lymph node metastasis, including
occult metastasis, and the degree of submucosal
invasion also was a useful quantitative factor for
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deciding whether endoscopic resection can be con-
sidered curative. These three factors can be used in
combination to identify patients requiring additional
surgery after endoscopic resection.
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®1 REg@EDBEINLBESN RCT OHBRERE
(KEBEICHT 2E8EFH vs. ERETFHR)

Authors Journal Cases Primary endpoints Secondary endpoints
Lacy Lancet 0C 101 . Overall survival
(AL V) (2002) LAC 105 Cancer related survival Free of recurrence
Leung Lancet OC 200 Overall survival, _
(&) (2004) LAC 203 Disease free-survival
Disease-free survival, Overali
COST N Eng ] Med OC 428 Time to tumor recur- survival
(UsA) (2004) LAC 435 rence Complications
Quality of life
Braga Dis Colon Rectum OC 201 Long-term complication Survival rate
“A%97) (2005) LAC 190 Quality of life
CLASICC JCO ocgeg Overalsurvival L Remote recurrence
(EEE) (2007) LAC 526 Local recurrence Quality of life
£2 ERERBHBEEINIESN RCT OHERER
(KEBEIC X7 DRIEFH vs. [BRRSE TFf)
Authors C;’:t‘é eirozl;)n Morbidity Peﬁgggl?; V€ Overall survival Disease-free survival

Lacy 11% p=0.001 p=0.19 HR 0.39 p=0.006
(AL V) (29% vs 11%) (29% vs0.9%) 95% CI0.19-0.82 (Stage I fEHY)

Leung 23% NS p=097 p=0.61 p=045

(&) ? (24% vs 26%) (0.6% vs24%)  (73% vs 76%) (78% vs 75%)

COST 21% p=0.64 p=040 p=051 NS

(USA) (20% vs 21%) (1.0% vs05%) (85% vs 86%)

Braga 4% p=0.018 p=055 p=0.78
“©HI7) ? (15% vs 7%) (83% vs 84%) (83% vs 84%)
CLASICC 16% p=065 p=0.35 p=0.70

(£E) (5% vs 4%) (68% vs 67%) (68% vs 66%)
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HETHDL. BEFH L481HIF 6181 (41%) 1
BREYR, FoRRE, Fr24%LREL,
JEREAT04%, Bih 04%, V) v/3E5i203%, B
FH02% & VINRTHS. 5 FEFRE,
stage I, I, II DOJEIZ, 95%, 86%, 74% %R
LTw3 (E2). Z® retrospective multicenter
study DEEHD S, RILOEIGEDOIEEBEIL,
AHHE - BRE - BEEX - sEEFFOVTH
b kD KRGRBARE DT> TV 2 EEKBEES
B LRBEFHOEHESME LB L TI2IZF
HLEZOLNS.
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1990 ERE T L SN TEDON TV EKE
BICAT T B BEBESE T Rl L REFWH O RCT O
T, BEICEYBEIHE SN2 520 Trial
OBBELERZRY, 2icF L o/z. 2002FDR
N4 ¥ 0 Lacy H¥ OEETIE, BEETFHI
BRE, BEE, 2RCRCBVWTHYLLfER
ROBFTH Y- (p=004, p=002, p=0006),
ZD#Ei3 stage TI ORBEFHOBERFEARIC
T2 DEEBEINTWAS. 2004 £ COST
CRE)DO, Fi&™, CLASICC (¥E)™ »50%H
ETRERSETERLBABEFEREOMICED
stage KBV T O BERE, SEFRICERZDT
&L DERTH o7, Thbb, HITHEEEC
HLCHEEETERIEEEMR LB L, S8

HENAREE $13% %15 208427 49
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BIUVRHBEETREZ W2 XS, L L, Sh
5D RCT &, EFRES L uholzh, itk
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F v, quality control DA+ 82 L, W oh
OFEE PP I TS, $7-, EREETHLH
BEFROERBER BB O®RE L ) BIF2A
HROBKRELTZ AL, BIOKRBEERCT Ok
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fiC 4513 % prospective random-
ized controlied study OIR:R
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Japan Clinical Oncology Group (JCOG) D EEk
BFEE LT, 20044E 10 A & 0 [EFTKBAK
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