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ESDs were performed. Finally, there were no procedure-
related mortalities at any of the institutions (Tables 1 and 2).

Independent risk factors for complications
assessed by univariate and multivariate analysis

In the screening analysis for complication risk factors,
tumor size, tumor location, macroscopic type, and histol-
ogy had no significant association with the ESD complica-
tion rate (not significant), but there was a significantly
decreased risk of complications corresponding to the in-
creased number of ESDs performed at the 3 groups of
institutions (group A, <50 ESDs, 17.6%; group B, =50 and
<100 ESDs, 8.2%; and group C, =100 ESDs, 5.1%) (P <
.0001) (Table 3). In the logistic regression models, the
complication rate was independently higher for large tu-
mors (=50 mm) (multivariate analysis: odds ratio, 2.1; 95%
confidence interval, 1.1-3.4; P = .0198), whereas the larger
number of ESDs performed by groups B and C decreased
the risk of complications (multivariate analyses: group
B/group C: odds ratio, 0.4/0.2; 95% confidence interval,
0.2-0.9/0.1-0.5; P = .0253/.0002) (Table 4). There was no
association, however, between the types of knives used
during the ESDs and the complication rate (data not
shown).

DISCUSSION

This is the first large prospective, multicenter cohort
study of colorectal ESDs performed at specialized centers
in Japan. There is increasing evidence of the effectiveness
of colorectal ESD because the procedure makes it possible
to treat large nongranular type LSTs (>20 mm) that had
been treated by surgery in the past.? The longer procedure
time and higher complication rate of ESD compared with
conventional EMR have also been discussed previously.36
In fact, a small number of analyses!? conducted in an
earlier Japanese multicenter study indicated a higher com-
plication rate during colorectal ESDs and that standardiza-
tion of the colorectal ESD procedure would be difficult.

This study is particularly important because more than
1000 colorectal ESD cases in 10 specialized centers were
analyzed at a time when the use of colorectal ESD is
spreading in Japan, and a number of trained endoscopists
are starting to perform colorectal ESDs in Western coun-
tries as well. 222 The complication rate significantly de-
creased with the increased number of ESDs performed at
an institution from 17.6% for group A (<50 ESDs) to 8.2%
for group B (=50 and <100 ESDs) to 5.1% for group C
(=100 ESDs), probably because of greater clinical experi-
ence in performing colorectal ESDs on a regular basis at
group B institutions and even more so at group C institu-
tions. There were no significant statistical differences for
the mean procedure time, en bloc resection rate, and
curative resection rate among the 3 groups, most likely
because the mean tumor size was smaller and the loca-
tions differed as did the macroscopic types in group A,

TABLE 3. Risk factors for ESD complications

Complications

Risk factors No Yes  PValue

Sex, male 639 42 595

Tumor size, nm

Left colon 249 14

Macroscopic type

Group B (=50and 201 18
<100)

Trend <.0001

ESD, i dissection; LST-NG, type
laterally spreading tumor; LST-G, granular type faterally spreading
tumor; D, standard deviation; SM1, submucosal invasion less than
1000 um from the muscularis mucosae; SM2, submucosal invasion
1000 wm or more from the muscularis mucosae.
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Univariate Analysis

TABLE 4. Risk factors for complications

Multivariate Analysis

95Cl

<50 mm 1
Institutions (ESDs)
0.2-09

B (=50, <100) 0.4

Cl, confidence interval; OR, odds ratio; ESD, endoscopic submucosal dissection.

Others

p Value 95¢Cl p Value

0.0351 04 0.2-0.9 0.0253

suggesting that less-experienced endoscopists did not at-
tempt to perform ESDs in more challenging cases.

To decrease the colorectal ESD complication rate in the
future, it will be necessary to establish a learning curve
based on the results of our large case series. In addition,
conservative treatment of perforations should be possible
in the future in those cases in which endoscopic clipping
has already been shown to be effective.

The indications for ESD in this series were markedly
different from those for conventional EMR,736 and the
overall perforation rate of 5.2% was higher compared with
conventional EMR,36 but considerably lower than the ear-
lier Japanese multicenter analyses mentioned previously2
in which delayed perforation cases were regarded as re-
quiring emergency surgery because of the risk of peritonitis.
Two of the 4 patients with delayed perforations in this series,
however, were successfully treated conservatively as abdom-
inal findings and inflammation changes based on laboratory
data were slight. Taku et al'2 also reported that conservative
treatment might be possible, even for cases of delayed per-
foration when abdominal findings and laboratory data are
stable, but we must carefully follow patients with delayed
perforation and continued close communication with con-
sulting surgeons is essential because the number of such
cases has been quite limited so far.

The other principal ESD complication involved postop-
erative bleeding, but the total postoperative bleeding rate
was only 1.5%, and none of the 17 patients required a
blood transfusion or emergency surgery. This relatively
low rate of postoperative bleeding was probably a result
of using the coagulation technique for exposed vessels
during ESD procedures, and the incidence of postopera-
tive bleeding also decreased as the total number of ESDs

performed at the 3 respective groups of institutions
increased.

Univariate and multivariate analysis revealed that large
tumor size (=50 mm) and less experience performing
ESDs (group A, <50 cases) were independent risk factors
for complications, so endoscopists should begin by per-
forming colorectal ESDs on smaller lesions.

The mean ESD procedure time was considerably longer
compared with that of conventional EMR,3 but the indi-
cations for ESD and EMR were different, as were the tumor
characteristics.36 We should be comparing, therefore, the
procedure times between ESD and surgery rather than
ESD and EMR.

As for ESD devices, more than 2 knives were used in
most institutions and CO, insufflation was used at 8 of the
10 institutions to reduce patient discomfort (Table 1).
These factors also will need to be taken into account when
considering costs in the future.

This was a prospective multicenter cohort study, but eli-
gibility criteria for performing colorectal ESDs were some-
times unclear at some of the institutions. It will be necessary,
therefore, to further assess the clinical outcome of using ESD
for the treatment of large colorectal tumors in the future.

Another limitation of this study is that no long-term
outcome data are available yet because a few of the insti-
tutions have only started performing colorectal ESDs in
recent years. With more than 6 months of follow-up for
cases at the National Cancer Center Hospital, there have
been only 3 local recurrences (2%) in ESD cases (mean
endoscopic follow-up period, 20.0 + 12.9 months) com-
pared with 33 recurrences (14%) in EMR cases (mean
endoscopic follow-up period 25.9 * 17.0 months).36
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In conclusion, ESD performed by experienced endos-
copists is a safe and very effective procedure for treating
large superficial colorectal tumors such as nongranular
type LSTs larger than 20 mm and granular type LSTs larger
than 30 mm that would have previously been treated with
surgery, as well as large villous tumors and intramucosal
lesions, recurrent lesions, and residual mucosal lesions
showing nonlifting sign after EMR.
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Adipocytokines are adipocyte-secreted hormones associated with
some malignancies such as colorectal, breast, and prostate cancer.
We hypothesized that changes in the levels of adipocytokines may
‘indicate the carcinogenesis and progression of colorectal cancer

and ad and i ig the i of the blood levels
of several adipocytokines through a case-control study. Blood lev-
els of adiponectin, leptin, resistin, visfatin, and C-peptide at diag-
nosis were measured in 115 colorectal cancer patients and 115
age-, sex-, and body mass index-matched controls. The same analy-
sis was performed in 72 colorectal adenoma patients and 72 con-
trols. Logistic regression models were used for estimating odds
ratios and 95% confidence intervals, and one-way anova was per-
formed to d the pre of each k two
or more groups. Resistin and visfatin levels in cancer patients were
significantly higher than those of controls on multivariate analysis
(P=0.03 and P<0.01, respectively). Stage progression signifi-
cantly correlated with resistin and visfatin levels (P < 0.01 for
both). The adip tin level in ad was significantly
lower than that of Is on multi lysis (P = 0.04). Its
level was inversely correlated with the number of adenoma
(P =0.02), but not correlated with the size of adenoma. Resistin
and visfatin may be good biomarkers of colorectal

survival proliferation of preneoplastic cells. On the other hand,
adiponectin reportedly inhibits infl ion and angiogenesi
while leptin induces tumor angiogenesis.!'?

These findings in epidemiological and basic research suggest
that adipocytokines may well contribute to the induction of car-
cinog is and tumor prc ion. Therefore, we hypothesized
that changes in the levels of adipocytokines may indicate the
carcinogenesis and progression of colorectal cancer and ade-
noma. To evaluate whether adipocytokines are stronger biomar-
kers of colorectal cancer and adenoma than body mass index
(BMI), we performed a BMI-matched case-control study and
investigated the association between the blood levels of several
adipocytokines and colorectal cancer and adenoma.

Materials and Methods

Study population. After approval of the study protocol by the
Institutional Review Board of the National Cancer Center,
patients who underwent upper total colonoscopy at the hospital
from February 1999 to February 2007, who were considered to
have no active malignancies except colorectal cancer and no
infl ory bowel di and whose blood samples at diag-

potential and stage progression. Adiponectin level may be a good
biomarker of colorectal adenoma. (Cancer Sci 2010)
‘ dipocytokines, such as adiponectin, leptin, resistin, visfa-
tin, tumour necrosis factor (TNF)-a, and interleukin (IL)-
6 are cytokines secreted by visceral adipose tissue, and they
have recently been suggested to be associated with obesity-
related diseases."? Many epidemiologic studies have shown a
positive correlation between obesity and increased risk of colo-
rectal cancer and adenoma as well as other cancers at various
sites (e.g. breast, prostate gland, and endometrium),®~>
In obesity mouse models, severe macrophage invasion was
observed in the vascular/stromal compartment of adipose tissue,
suggesting that excess adiposity is associated with chronic
inflammation.®” Other reports have shown that prostaglandin
E2 stimulates leptin secretion from cultured human adipose tis-
sue cells and that cyclooxg’genase 2 inhibitors prevent an
increase in leptin production.” In inflammation-associated colo-
rectal cancers, such as those associated with inflammatory bowel
diseases, non-genetic stimuli such as overexpression of IL-6 also
enhance the survival and proliferation of preneoplastic cells.®
Leptin was also reported to induce IL-6 production by Apc™™*
colon epithelial cells which leads to autocrine/paracrine trans
IL-6 receptor signaling."® This results in the promotion and

doi: 10.1111/1.1349-7006.2010.01518.x
© 2010 Japanese Cancer Association

nosis before any treatments for colorectal cancer or adenoma
could be obtained, were identified and invited to participate in
the study. Patients who had been newly and pathologically diag-
nosed with colorectal cancer by biopsy using colonoscopy and
treated at our hospital were identified as colorectal cancer
patients among the enrolled patients. Age-, sex-, and BMI-
matched controls (1:1) were identified among patients who had
been diagnosed as free from colorectal cancer or adenoma by
colonoscopy. Among the enrolled patients, we identified those
patients who had been newly undergone hot-biopsy, polypecto-
my, or endoscopic mucosal resection and were pathologically
diagnosed with colorectal adenoma at our hospital as colorectal
adenoma patients. Age-, sex- and BMI-matched controls (1:1)
were identified among patients who had been diagnosed as free
from colorectal cancer or adenoma by colonoscopy. BMI at
diagnosis was calculated based on the data in medical records
as follows: weight (kg)/height (m)®. All subjects (patients and
controls) provided informed consent prior to the collection and
analysis of blood samples. Clinical and pathological information
for both groups was obtained from medical records.
Adipocytokines and C-peptide measurements. All blood sam-
ples were stored at —20°C until use. None of the samples
were previously thawed. Blood levels of adiponectin, resistin,

6To whom 5P should be
E-mail: yayamada@ncc.go.jp

Cancer Sci | 2010



Table 1. Clinical characteristics of patients with colorectal cancer

and controls
Patients Controls Povalues
(n=115) (n=115)
Age (years) 63.7+10.3 63.5+105 0.99
Sex

Female (%) 46 (40.0) 46 (40.0)

Male (%) 69 (60.0) 69 (60.0) 1.00
Body mass index 229+29 23.1%27 0.897
Stage*

0 23 - -

| 23 - -

I 19 - -

mn 23 = -

v 27 - -
Location

Right colon 55 - -

Left colon 7 - =

Rectum 53 - -
Macroscopic type*

0-1Ip 5 - -

0-lIsp 6 - -

0-1Is 10 - -
0-lla 17 - -
0-1llb 0 - -
0-1lic 0 - -

0-1 0 - -

1 1 - -

2 73 - -

3 1 - -

4 1 = =

5 1 - -
Histological type*

Well-differentiated 86 - -

adenocarcinoma

Moderately differentiated 21 - -

adenocarcinoma

Poorly differentiated 7 - -

adenocarcinoma

Mucinous adenocarcinoma 1 - -

Data are presented as mean + SD. *Japanese Classification of
Colorectal Carcinoma 6th edition.

visfatin, and C-peptide at diagnosis were measured by SRL
(Tokyo, Japan). Adiponectin was determined by enzyme-linked
immunosorbent assay (ELISA) (Otsuka Pharmaceutical, Tokyo,
Japan) with a sensitivity of 1.9 pg/mL, an intra-assay coeffi-
cient of variation of 3.5-5.1%, and an inter-assay coefficient of
variation of 6.0-8.7%. Resistin was determined by ELISA
(BioVender Laboratory Medicine, Brno, Czech Republic) with a
sensitivity of 1.1 ng/mL, an intra-assay coefficient of variation
of 2.8-3.4%, and an inter-assay coefficient of variation of 5.1-
6.9%. Leptin was measured using radioimmunoassay kits (Linco

Resarch, St. Charles, MO, USA) with a sensitivity of
0.5 ng/mL, an intra-assay coefficient of variation of 3.4-8.3%,
and an inter-assay coefficient of variation of 3.0-6.2%. Visfatin
was determined by ELISA (Adipo Gen, Seoul, Korea) with a
sensitivity of 0.13 ng/mL, an intra-assay coefficient of variation
of 4.4-10.4%, and an inter-assay coefficient of variation of 6.4—
9.9%. C-peptide was determined by ELISA (Fujirebio, Tokyo,
Japan) with a sensitivity of 0.04 ng/mL, an intra-assay coeffi-
cient of variation of 1.96-2.97%, and an inter-assay coefficient
of variation of 1.06-2.60%. Duplicate measurements were per-
formed in a single experiment.

Statistical analysis. The results of the comparison of clinical
characteristics between patients and controls was evaluated by
the y*test for categorical variables and two-sample r-test for
continuous variables. Conditional logistic regression models
were used for estimating odds ratios and 95% confidence inter-
vals to evaluate the association of each variable with colorectal
cancer or adenoma. One-way ANOvA was performed to examine
the prevalence of each variable between tumor stage groups.
Log transformations were conducted on variables prior to analy-
sis to achieve normal distribution. Differences with a P-value
<0.05 were considered significant. All statistical analyses were
carried out using the SAS system (version 9.1.3; SAS Institute,
Cary, NC, USA).

Results

Adipocytokines and C-peptide, and colorectal cancer. The
clinical characteristics and adipocytokine and C-peptide levels
of the 115 colorectal cancer patients and 115 controls are shown
in Tables 1 and 2. There was no significant difference in age,
sex, and BMI between the two groups. Results of the univariate
and multivariate logistic regression analyses are shown in
Table 3. Resistin and visfatin levels were significantly higher in
the colorectal cancer patients than in the controls on multivariate
analysis (P = 0.03 and P < 0.01, respectiyely). Linear contrast
analysis was conducted to evaluate the correlation between each
variable and tumor stage defined by the Japanese Classification
of Colorectal Carcinoma 6th edition (Table 4). Resistin and
visfatin levels gradually increased with tumor stage progression
(P < 0.01 and P < 0.01, respectively).

Adipocytokines and C-peptide, and colorectal adenoma. The
clinical characteristics and adipocytokine and C-peptide levels
of the 72 colorectal adenoma patients and 72 controls are shown
in Tables 5 and 6. There was no significant difference in age,
sex, and BMI between the two groups. Results of the univariate
and multivariate logistic regression analyses are shown in
Table 7. Multivariate analysis showed that adiponectin levels
were significantly lower in the colorectal adenoma patients than
in the control patients (P = 0.04). Linear contrast analysis was
conducted to evaluate the correlation between each variable and
the number of adenomas (Table 8a). Adiponectin level inversely
correlated with the number of adenomas (P = 0.02). The size of
the largest adenoma among all the adenomas of a patient
showed no significant correlation with any variables (Table 8b).

Table 2. Blood adipocytokine levels in patients with colorectal cancer and controls

Patients

Controls

n  Median value 25th quartile value 75™ quartile value n

Median value 25th quartile value 75th quartile value

Adiponectin (ug/mL) 115 89 6.6
Resistin (ng/mL) 115 45 31
Leptin (ng/mL) 115 37 2.4
Visfatin (ng/mL) 115 3.9 2.1
C-peptide (ng/mL) 114 0.2 0.1

13 115 89 5.7 129
6.4 115 31 22 47
57 14 4.2 23 6
7.9 115 14 0.8 2.6
0.4 m 0.3 0.1 0.6

doi: 10.1111/1.1349-7006.2010.01518.x
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Table 3. Univariate and multivariate analysis of patients with colorectal

cancer and controls

Univariate analysis

Multtivariate analysis

Odds ratios (95% confidence intervals) P-values Odds ratios (95% confidence intervals) P-values
Adiponectin* 1.227 (0.653-2.307) 0.52 0.802 (0.321-2.003) 0.64
Resistin* 2.850 (1.700-4.777) <0.01 2.067 (1.053-4.055) 0.03
Leptin* 0.799 (0.458-1.393) 0.43 1.057 (0.477-2.342) 0.89
Visfatin* 3.142 (2.064-4.783) <0.01 2.985 (1.862-4.787) <0.01
C-peptide* 0.711 (0.550-0.920) 0.01 0.983 (0.663-1.458) 0.93
*Log-transformed.
Table 4. Association between adipocytokine levels and stage progression of colorectal cancer

Control Stage 0 Stage 1 Stage 2 Stage 3 Stage 4
P-values
n mean+SD n mean + SD n mean=SD  n mean+SD n mean+SD n mean = SD

Adiponectin* 115 23+05 23 23x04 23 2206 19 2305 23 21+05 27 2304 0.94
Resistin* 115 1.2+£05 23 13205 23 1.6£05 19 15205 23 1.5£06 27 1705 <0.01
Leptin* 114 1407 23 1407 23 14£07 19 1.5£08 23 1305 27 11206 0.1
Visfatin* 115 02+11 23 08+12 23 13211 19 1009 23 1.5£10 27 1809 <0.01
C-peptide* m -14£12 23 -16+12 23 -16=x1.1 19 -19=x12 22 -18=x1.1 27 -16=x1.0 0.17
*Log-transformed. Data are presented as mean = SD.
Linear contrast analysis was also conducted to evaluate the cor-  Discussion

relation between adiponectin and the adenoma-carcinoma
sequence, and the result was not significant (data not shown).

Table 5. Clinical characteristics of patients with colorectal adenoma
and controls

Patients Controls

P-values

(n=72) (n=72)
Age (years) 66.8+7.3 66.7 £7.1 0.99
Sex

Female (%) 22 (30.6) 22 (30.6)

Male (%) 50 (69.4) 50 (69.4) 1.00
Body mass index 23.0+28 228238 0.74
Number of adenomas

2> 44 - -

23 28 - -
Location

Right colon 33 - -

Left colon 27 - -

Rectum 12 - =
Macroscopic type*

0-1p 4 - -

0-1Isp 13 - -

0-1Is 24 - -

0-lla 31 = -

0-lib 0 - -

0-lic 0 = -

0~ 0 - -
Histological atypia

Moderate atypia 64 - -

Severe atypia 78 - -
Maximum size

-5 mm 14 - -

6-10 mm 24 - -

11-20 mm 17 - -

>20 mm 17 - -

Data are presented as mean + SD. *Japanese Classification of
Colorectal Carcinoma 6th edition.

Nakajima et al.

The results of this case-control study suggest that resistin and
visfatin may be good biomarkers of colorectal malignant poten-
tial independently from BMI, and also of stage progression of
colorectal cancer. Adiponectin may be a good biomarker of
col | adenoma independently from BMI. For gastric cancer,
we have reported similar results, namely, resistin and visfatin
levels in gastric cancer patients were significantly higher than
those in controls, and gradually increased with tumor stage pro-
gression. Furthermore, adiponectin levels tended to be lower in
early stage gastric cancer patients than in controls.!®

Obesity is recognized as a strong risk factor for the develop-
ment of several cancers.®> However, many experimental and
case-control studies have suggested that BMI is not the best and
only marker for elucidating the physiology of obesity. Recently,
adipocytokines produced by adipose tissue have been the subject
of intense investigation as novel risk markers not only of meta-
bolic syndrome but also of cancers, particularly those indicating
a correlation between their risk of development and obesity such
as colorectal cancer and adenoma.'*? To the best of our
knowledge, however, the present study is the first report to eval-
uate a difference in visfatin level between colorectal cancer
patients and controls, and the only one report has been reported
for a difference in resistin level so far,??

Adiponectin suppresses the secretion of inflammatory cyto-
kines such as TNF-a, and induces the secretion of anti-inflam-
matory cytokines such as IL-10 in the atherogenic process.?>%9
Furthermore, it has been reported to inhibit tumor growth by
suppressing angiogenesis in vitro and in vivo.®™ In case-control
studies, the correlation between adz'%ponecﬁn level and colorectal
cancer remains controversial'®*®, An inverse correlation
between adiponectin level and colorectal adenoma has been also
reported.*” Our results showed an inverse correlation between
adiponectin and colorectal adenoma. However, we had no infor-
mation regarding body weight changes in the patients and con-
trols before the sampling, and thus it was not possible to
determine whether the d in adi tin levels in the
patients was caused by obesity before the sampling. It was also
difficult to determine when the adiponectin level decreased,
either before or after colorectal adenoma development. Instead
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Table 6. Blood adipocytokine levels in patients with colorectal adenoma and controls

Patients

Controls

n  Median value 25th quartile value 75th quartile value n

Median value 25th quartile value 75th quartile value

Adiponectin (pg/mL) 72 75 5.4 10.3 72 8.8 6.3 136
Resistin (ng/mL) 72 3.1 24 4.8 72 2.8 1.9 39
Leptin (ng/mL) 7 33 24 5.4 72 33 1.8 5.4
Visfatin (ng/mL) 72 1 0.6 2.8 72 1.6 0.7 2.8
C-peptide (ng/mL) 7 0.3 0.1 0.7 69 0.2 0.1 0.5
Table 7. L and mul iate analysis of p with colorectal adenoma and controls
Univariate analysis Multivariate analysis
Odds ratios (95% confidence intervals) P-values Odds ratios (95% confidence intervals) P-values

Adiponectin* 0.363 (0.169-0.780) 0.01 0.422 (0.189-0.946) 0.04
Resistin* 1.293 (0.706-2.368) 0.41 1.200 (0.595-2.420) 0.61
Leptin* 1.497 (0.772-2.901) 0.23 1.331 (0.662-2.677) 0.42
Visfatin* 0.883 (0.661-1.180) 0.40 0.872 (0.604-1.260) 0.47
C-peptide* 1.208 (0.893-1.634) 0.22 1.023 (0.704-1.484) 0.91

*Log-transformed.

Table 8. Association between adipocytokine levels and clinical features of colorectal adenoma. (a) Association between adipocytokine levels '

and number of colorectal (b) A: adipocytokine levels and maximum size of colorectal adenomas
Control <2 23
P-values
n mean + SD n mean + SD n mean x SD
()
Adiponectin* 72 2205 a4 20+0.6 28 20+04 0.02
Resistin* 72 1.1+06 44 1.2+05 28 1.1+£05 0.90
Leptin* 72 12+06 43 1.2+0.6 28 1405 0.15
Visfatin* 72 0312 44 0215 28 0111 0.40
C-peptide* 69 -15%1.2 43 -1.2+1.2 28 -1.2x11 0.34
Control -5mm 6-10 mm 11-20 mm >20 mm
P-values
n mean + SD n mean + SD n mean  SD n mean  SD n mean  SD

(b)
Adiponectin* 72 22x05 14 1.9+04 24 19204 17 1.9x05 17 23x06 0.48
Resistin* 72 1106 14 1.2+ 04 24 1.2+0.6 17 1.4+05 17 1004 0.81
Leptin* 72 1.2x06 13 16+07 24 12+05 17 1.1£06 17 13£06 0.53
Visfatin* 72 0312 14 0014 24 0312 17 0615 17 -04+12 0.31
C-peptide* 69 -1.5+£12 13 -0.9+0.8 24 -1.1+1.2 17 -1.6x1.2 17 -13+£12 0.64

*Log-transformed. Data are presented as mean + SD.

of these limitations, we evaluated the correlation between the
number of adenomas, the size of adenomas and adenoma-carci-
noma sequence, and adiponectin to speculate the possibilities as
“‘risk factors’’ for colorectal adenoma. The results showed that
adiponectin level was inversely correlated with the number of
adenoma. However, we could not elucidate why the adiponectin
level was not correlated with the size of adenoma. If many more
patients were enrolled in this study, a significant correlation
between adiponectin levels and adenoma sizes may have been
detected.

We have performed the above additional investigations into
the relationship between adiponectin levels and colorectal carci-
noma; however, our study has a few limitations. The BMI levels
of the selected target group are very important and can affect the
results of the study. The mean of BMI level of the patients in
this study was 22.9, which was lower than that reported previ-

ously; this low BMI level may be attributed to the fact that all
the patients were Japanese. Further, it is possible that variables
other than those evaluated in this study may be correlated with
adiposity and may influence the levels of adipocytokines. There-
fore, the implications of our findings should be carefully evalu-
ated considering these limitations.

Leptin primarily controls body fat stores and has also roles in
promoting cellular proliferation, inhibiting cellular apoptosis,
and inducing angiogenesis.?® Over the years, the association
between leptin levels and the risk of colorectal cancer or ade-
noma has remained controversial.?>*” The expression of the
leptin receptor in normal human colon mucosa, adenomas, and
cancers suggests that a direct effect of leptin may be involved in
carcinogenesis.(ao) In the present study, however, the level of
leptin was not significantly different between controls and
patients with colorectal cancer or adenoma. In our previous

doi: 10.1111/}.1349-7006.2010.01518.x
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studies on the correlation between adipocytokines levels and
gastric or esophageal cancer, we have shown that a strong corre-
lation exists between leptin level and BMI. In this study, how-
ever, the BMI levels of patients and controls were similar;
therefore, the value of leptin as a biomarker for colorectal could
not be evaluated.!

Resistin has been demonstrated to be involved in inflamma-
tory states corresponding to its predominant ex ressnon in mono-
nuclear cells, particularly in atherosclerosis.®>3® As for its
correlation with cancer, three case-control studies on the risk of
myelodysplastic syndrome, multi_Ple myeloma, or colorectal
cancer have been reported.®'***> Dalamaga ef al. demon-
strated a decreased resistin level in myelodysplastic syndrome
(MDS) patients, and speculated that it was due to a compensa-
tory response to the up-regulation of other inflammatory factors
etiologically linked to myelodysplasia. They also reported a
decreased level of resistin in patients with multiple myeloma.
Kumor ef al. reported that the resistin levels in colorectal cancer
patients are higher than those in controls and that the resistin
levels in colorectal adenoma patients and controls were also sig-
mﬁcantly different. Our results showed that resistin levels, par-
ticularly in colorectal cancer patients, were significantly higher
than those in controls independent of the BMI, and these levels
gradually increased with progression in tumor stage. This may
imply that resistin is a biomarker of colorectal malignant poten-
ial and stage progression.

Visfatin is a new insulinmimetic adipocytokine, which
directly interacts with the insulin receptor but as the insulin-like
growth factor receptor, and can subsequently promote cancer
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Objective: The National Polyp Study is used as the basis of recommendations for colono-
scopic surveillance after polypectomy, establishing an interval of 3 years after removal of
newly diagnosed adenomas. The aim of this retrospective cohort study was to estimate the
incidence of advanced neoplasia after initial colonoscopy and compare the differences
among risk groups.
Methods: Patients over 40 years who were referred for initial colonoscopy at six institutes
were selected. They were classified into four groups based on the initial colonoscopy: A,
patients without any adenoma; B, with adenomas of <6 mm only; C, with adenomas of
>6 mm; D, with any intramucosal cancer. The index lesion (IL) at follow-up colonoscopy was
defined as large adenoma >10 mm, intramucosal/invasive cancer.
Results: A total of 5309 patients were enrolled in this study. Overall, median follow-up period
was 5.1 years. The numbers of eligible patients in the various subgroups were A, 2006; B,
1655; C, 1123; D, 525. A total of 379 ILs were newly diagnosed during follow-up colono-
scopy. The cumulative incidence of ILs in each group was A, 2.6%; B, 6.7%; C, 13.4%; and
D, 12.6%.
Conclusions: Patients with any adenomas >6 mm or intramucosal cancer at the initial colo-
‘ noscopy have a higher risk of advanced neoplasia during follow-up colonoscopy.

Key words: colonoscopy — polyp — colorectal cancer — screening — surveillance

INTRODUCTION the intervals between colonoscopies after polypectomy are
variable, often annual, and not based on data from random-
ized clinical trials.

The evolution of CRC from a precursor lesion, the
adenoma, was first reported in studies by Morson (4) as the
adenoma—carcinoma sequence. The introduction of colono-
scopy provided an opportunity for clarifying this sequence
because of its ability to examine the entire colon and remove
polyps for pathological examination. The epidemiology and
For reprints and all correspondence: Takahisa Matsuda, Endoscopy natural history of adenomas are not only important for

Division, National Cancer Center Hospital, 5-1-1 Tsukiji, Chuo-ku, Tokyo choosing the optimal follow-up policy after polypectomy,
104-0045, Japan. E-mail: tamatsud@nce.go.jp

Colorectal cancer (CRC) is the third most common cause of
cancer mortality in Japan (1). The identification and removal
of adenomatous polyps and post-polypectomy surveillance
are considered to be crucial for the control of CRC (2,3).
However, recommendations for post-polypectomy surveil-
lance in Japan have not been established. In current practice,

© The Author (2009). Published by Oxford University Press. All rights reserved.
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but also for evaluating endoscopic screening for colorectal
adenomas and cancer. The existence of flat and depressed
lesions, including some with advanced histology, has been
demonstrated in multiple recent series from several countries
in the West and Japan (5—8). However, the clinical signifi-
cance of flat and depressed (non-polypoid) lesions and
whether they actually constitute alternative pathways to CRC
is still controversial (9).

In the USA, the National Polyp Study (NPS) carried out
since 1980 recommended an interval of at least 3 years
between the colonoscopic removal of newly diagnosed ade-
nomatous polyps and follow-up examination (2,3,10).
However, the NPS was conducted prior to recent epidemio-
logic studies documenting the prevalence of non-polypoid
lesions in the colorectum as well as other recent studies
suggesting improvements in yield at colonoscopy with
slower withdrawal times (11). Thus, the Japanese style
colonoscopy, which consists of a bowel preparation using
polyethylene glycol (PEG) solution given in the morning on
the day of colonoscopy, and techniques such as chromoendo-
scopy required for the diagnosis of non-polypoid neoplasia
(6,12,13) were not used and may at least in part explain the
discrepancy between the results of NPS and those of the
recent epidemiologic studies (14,15). The aim of this multi-
center retrospective cohort study was to estimate the inci-
dence of advanced neoplasia including the prevalence of
non-polypoid lesions after initial colonoscopy using the
Japanese style colonoscopy and to compare the differences
among risk groups of such incidences.

PATIENTS AND METHODS
SuBseCTs AND STUDY DESIGN

This multicenter retrospective cohort study was coordinated
by the Japan Polyp Study Workgroup (JPSWG), which was
set up in 2000 in Japan. Cases of screening patients over
40 years who were referred for initial total colonoscopy at
the six institutes (National Cancer Center Hospital, National
Cancer Center Hospital East, Akita Red Cross Hospital,
Kitasato University East Hospital, Osaka Medical Center for
Cancer and Cardiovascular Diseases, Hattori GI Endoscopy
and Oncology Clinic) in Japan were followed up for
>3 years from 1990 to 1995. Patients who did not have a
familial or personal history of familial adenomatous poly-
posis, hereditary non-polyposis CRC, inflammatory bowel
disease, a personal history of polypectomy or invasive
CRC or a sessile adenoma with a base >30 mm where a pie-
cemeal resection or closer follow-up would have been
needed were selected for this retrospective cohort study.
Written informed consent for examination and treatment
were obtained from all of the studied patients prior to the
procedures. We retrospectively reviewed colonoscopy reports
and medical records for all patients.

They were classified into four groups according to the
most advanced lesion found at initial colonoscopy: Group A,

patients without any adenomatous polyp; Group B, patients
with adenomas of <6 mm only; Group C, patients with ade-
nomas of >6 mm; Group D, patients with any intramucosal
(M) cancer. All adenomatous polyps of >6 mm and M
cancers were removed at the initial colonoscopy. The index
lesion (IL) diagnosed during follow-up colonoscopy was
defined as follows: large adenomatous polyp >10 mm, M
cancer and invasive cancer. In this study, we analyzed the
cumulative incidence of ILs at follow-up colonoscopy for
each patient based on the four groups.

Enposcopic PROCEDURES

All patients were prepared for colonoscopy by administering
2-31of PEG on the examination day morning. Scopolamine
butylbromide (10 mg) or glucagon (0.5 mg) was adminis-
tered intravenously to patients with no contraindication prior
to examination to avoid bowel movements. Medium-length
colonoscopes were used, and one man method colonoscopy
was performed. During colonoscopy, the location and the
size of all detected lesions were documented and evaluated
in real time and categorized as non-neoplastic or neoplastic
using chromoendoscopy or magnifying chromoendoscopy.
The size of the lesions was estimated using open biopsy
forceps. Those diagnosed as non-neoplastic lesions were left
untreated. If lesions were identified as neoplastic, hot biopsy,
snare polypectomy or EMR was performed. Basically,
polyps <6 mm were removed by coagulation biopsy (hot
biopsy), and flat lesions or those >6 mm were treated with
loop snare polypectomy or EMR. However, diminutive ade-
nomatous polyps <6 mm were occasionally permitted to be
left untreated. Finally, all neoplastic lesions with >6 mm
and M cancers were completely removed at the initial colo-
noscopy. If lesions were diagnosed as invasive cancer,
biopsy specimen was taken and patients were referred for

surgery.

HistopaTHOLOGICAL EVALUATION

Resected specimens were immediately fixed in 10%
buffered formalin solution and subsequently stained with
hematoxylin—eosin. Experienced gastrointestinal pathologists
evaluated all pathological specimens. Histopathological diag-
noses were determined according to the Japanese Research
Society for Cancer of the Colon and Rectum (JRSCCR) and
the World Health Organization (WHO) criteria (16,17).

STATISTICAL ANALYSIS

The cumulative incidence of ILs during the follow-up
period was described by the Kaplan—Meier method. The
Kaplan—Meier curves were compared in the four groups,
and the cumulative incidence at 1-year, 3-year and the
maximum follow-up period was estimated, respectively. For
comparison, we re-categorized the above-mentioned four
groups (A, B, C, D) into two (A + B, C + D), and the



cumulative incidences for the maximum follow-up period
between the two groups were compared by a log-rank test. A
two-sided P value of <(0.05 was considered statistically sig-
nificant. When the differences of the baseline characteristics
between ILs were examined, the chi-squared test was used
for the proportion and #-test for continuous variables. All
statistical analyses were performed with SPSS statistical soft-
ware (SPSS, version 16.0J, for Windows, Tokyo, Japan).

RESULTS
SuBiecTs AND OUTLINES OF FoLLow-up CoLONOSCOPY

A total of 5309 patients, including 3328 (63%) male patients,
were enrolled in this study as shown in Table 1. Eligible
patients were classified into four groups as follows: Group A,

06 (38%); Group B, 1655 (31%); Group C, 1123 (21%);

d Group D, 525 (10%). The mean age was 60.2, 63.2, 63.7
and 65.1 in Groups A, B, C and D, respectively. Overall, the
median follow-up period and the frequency of colonoscopy
were 5.1 years and 4.1 times, respectively. There were no sig-
nificant differences in the follow-up period and the number
of times in each group. Moreover, the average interval of
colonoscopy was 21.3, 17.2, 16.8 and 13.9 months in Groups
A, B, C and D, respectively.

INciDENCE OF IL ACCORDING TO INITIAL COLONOSCOPY

A total of 379 ILs were newly diagnosed during follow-up
colonoscopy. In Table 2, the incidence of ILs (%) and total
cases (in parenthesis) in each group were as follows: Group
A, 2.6% (52); Group B, 6.7% (111); Group C, 13.4% (150);
and Group D, 12.6% (66). In Groups A, B, C and D, the
cumulative incidence of ILs at 1 and 3 years was 0.1/0.8%,
0/2.9%, 2.5/5.4% and 2.9/5.7%, respectively. When we
‘categorized four groups into two, the cumulative
incidence of ILs at 1 and 3 years was 0.5/1.9% and 2.7/5.6%
in Group A + B (low-risk group) and Group C + D (high-
risk group), respectively. A significant difference was
found between the low- and high-risk groups (P < 0.0001)
(Fig. 1).

Table 1. Patient characteristics and outlines of follow-up colonoscopy
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CLINICOPATHOLOGICAL CHARACTERISTICS OF ILs

There were 189 (50%), 125 (33%) and 65 (17%) right-sided,
left-sided and rectal ILs, respectively, as shown in Table 3.
Group A revealed right-sided ILs in 24 (46%), left-sided in
15 (29%) and rectal in 13 (25%). Similarly, Groups B, C
and D exhibited right-sided ILs in 59 (53%), 74 (49%) and
32 (48%), left-sided in 32 (29%), 55 (37%) and 23 (35%)
and rectal in 20 (18%), 21 (14%) and 11 (17%),
respectively.

Of these ILs, 197 (52%) were large adenoma >10 mm,
143 (38%) were M cancer, 20 (5%) were submucosal (SM)
invasive cancer and 19 (5%) were advanced (ADV) cancer.
Group A revealed a large adenoma in 28 (54%), M cancer in
13 (25%), SM cancer in 4 (8%) and ADV cancer in 7
(13%). Similarly, Groups B, C and D exhibited large
adenoma in 56 (50%), 80 (54%) and 33 (50%), M cancer in
46 (41%), 59 (39%) and 25 (38%), SM cancer in 3 (3%), 6
(4%) and 7 (11%) and ADV cancer in 6 (6%), 5 (3%) and 1
(1%), respectively.

Morphologically, the macroscopic types of ILs apart from
ADV cancer were 220 (58%) polypoid, 122 (32%) flat and
18 (5%) depressed lesions (Table 4). Furthermore, concern-
ing the occurrence time of IL, there were 69 (18%), 74
(20%), 50 (13%), 89 (23%) and 97 (26%) within 1, 1-2, 2—
3, 3—5 and >35 years, respectively. Group A + B revealed
within 1 year occurrence in 21 (13%), 1-2 years in 23
(14%), 2—3 years in 21 (13%), 3—5 years in 44 (27%) and
>35 years in 54 (33%). Group C + D exhibited within 1 year
occurrence in 48 (22%), 1-2 years in 51 (24%), 2—3 years
in 29 (13%), 3—5 years in 45 (21%) and >5 years in 43
(20%).

AssOCIATION OF BASELINE CHARACTERISTICS WiTH ILs

The 379 patients diagnosed with ILs were older than those
without such findings (mean age, 65.4 vs. 62.2 years; P =
0.02). Patients who were classified into Group C + D
seemed more likely to be diagnosed with an IL than those
who were classified into Group A + B (4.5% vs. 13.1%;
P =0.04) and men seemed more likely than women to have
an IL (8.5% vs. 4.8%; P < 0.0001) as shown in Table 5.

Group A Group B Group C Group D Total
Patients [no. (%)] 2006 (38) 1655 (31) 1123 (21) 525 (10) 5309
Male sex [no. (%)] 934 (47) 1145 (69) 849 (76) 400 (76) 3328 (63)
Age® (years) 602 +9.8 63.2+9.8 63.7+9.1 65.1+92 62.4+98
Follow-up period® (years) 5.2 (3.0-12.3) 53 (3.0-10.7) 5.0 (3.0-11.0) 4.8(3.0-10.2) 5.1(3.0-12.3)
Number of exam times of TCS* 38117 43+19 41+18 45+ 17 41+18
Interval of TCS* (months) 213+ 115 172+ 84 16.8+92 139167 V 18.3+ 100

*Plus-minus values are mean + SD.

Median (range).
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Table 2. Cumulative incidence of index lesions after initial colonoscopy

Table 4. Clinicopathological characteristics of index lesions in each group

Cumulative incidence (%) n Total number
- of incidence
l-year  3-year Maximum cases
follow-up
period
Group A 0.1 0.8 26 2006 52
Group B 1.0 29 6.7 1655 111
Group C 2.5 54 134 1123 150
Group D 29 5.7 126 525 66
Group A + B 0.5 1.9 4.5 3661 163
(low risk)
Group C + D 27 5.6 13.1 1648 216
(high risk)
64
High risk(C+D)

(n=1648)

g 5

%
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Figure 1. Comparison of cumuiative incidence of index lesion and invasive

colorectal cancer between risk groups.

Table 3. Clinicopathological characteristics of index lesions in each group

Group A GroupB  GroupC  Group D Total

(n=52) (n=111) (r=150) (n=66) (n=2379)

Location [no. (%)]

Rightcolon® 24 (46)  59(S53)  74(49)  32(48) 189 (50)
Leftcolon®  15(29) 32(29) 55(37) 23(35)  125(33)
Rectum 13(25) 20018 21(14 1137 65(17)

Histopathology [no. (%)]

Adenoma 28(54) 56 (50) 80 (54) 33(50) 197 (52)

(=10 mm)

Intramucosal 13 (25) 46 (41) 59 (39)  25(38) 143 (38)

cancer

Submucosal 4 (8) 303) 6(4) 73an 2009

cancer

Advanced 7(13) 6 (6) 503 I§¢)) 19(5)

cancer

“Cecum-—transverse colon.
*Descending—sigmoid colon.

GroupA GroupB  GroupC  Group D  Total
(n=352) (n=111) (n=150) (n=66) (n=379)

Macroscopic type [no. (%)]
Adenoma/early cancer
Polypoid 26 (50)  52(47)  94(63)  48(73) 220 (58)

Flat 18(35)  46(42) 44(29) 14l 122(32)

Depressed  1(2)  7(6) 7(5) 3(5) 18(5)
Advanced 7(13)  6(5) 5(3) (1) 19(5)
cancer

Occurrence time [no. (%)]
<1 (year) 24 19(17) 29 (19) 19 (29) 69 (18)

1-2 6(12) 17(15)  36(24) 15(23) 74 (20)
2-3 6(12) 15(14)  24(16) 5(7) 50 (13)

3-5 193 25(23)  29(19) 16(24)  89(23) .
>5 1930 35(31) 32(22) 11(7) 97 (26)

Table 5. Association of baseline characteristics with index lesions

Baseline Number Index lesion P value
characteristics (%) —_—
No Yes
(n=14930) (n=379)

Mean age® (year) 621497 654197 0.02
Age (year)

4049 487 (9.2) 463 (95.1) 24 (4.9)

50-59 1640 (30.9) 1557 (94.9) 83 (5.1)

60-69 1882 (35.4) 1737 (92.3) 145(7.7)

>70 1300 (24.5) 1173 (90.2) 127 (9.8)
Sex

Male 3328(62.7) 3045 (91.5) 283 (8.5)  <0.0001 .

Female 1981(37.3) 1885 (95.2) 96 (4.8)
Category

Group A 2006 (37.8) 1954 (97.4) 52 (2.6) 0.04

Group B 1655 (31.2) 1544 (93.3) 111 (6.7)

Group C 1123 21.1) 973 (86.6) 150 (13.4)

Group D 525 (9.9) 459 (87.4) 66 (12.6)

*Plus-minus values are mean + SD.

DEscRIPTION OF PATIENTS DIAGNOSED WITH INVASIVE CANCER
WitHIN 3 YEARS

A total of 13 invasive cancers including three ADV cancers
were newly diagnosed during the follow-up period within
3 years as shown in Table 6. The cancers were located in
different sites; 8 out of the 13 were located at the sigmoid
colon or rectum. The mean size was 14.1 + 5.6 mm (range:
6—20 mm). Macroscopically, of these invasive cancers, six



(46%) were sessile/semi-pedunculated, five (39%) were
depressed and two (15%) were flat lesions.

DISCUSSION

This is the first large multicenter retrospective cohort study
to analyze the incidence of advanced neoplasia after initial
colonoscopy in Japan. From our data, it is thought that
patients with any adenomatous polyps of >6 mm or M
cancer at the baseline colonoscopy have a higher risk of ILs
rather than the other groups. Some authors have reported that
patients categorized into a high-risk group, from the findings
of initial colonoscopy, had high recurrence rates of colorectal
adenomas. Recurrence rates dependent on adenoma charac-
teristics have been reported as 15—60% within 3—4 years

fter previous endoscopic removal (3,18—21). In Japan,

amaji et al. reported that recurrence rates of colorectal
neoplasia were estimated to be 7.2% per year in those with
no initial neoplasia, 19.3% per year in those with small ade-
nomas and 22.9% per year in those with advanced lesions.
However, this study was carried out in an asymptomatic
patient cohort, unlike our current study, which includes both
symptomatic and asymptomatic cases. For advanced colorec-
tal lesions, the incidence rate was 0.21% per year, whereas
recurrence rates in those with small adenomas and advanced
lesions were 0.64% and 1.88% per year, respectively. From
their study, the recurrence rates after polypectomy were elev-
ated; however, the incidence rates in subjects with no neo-
plastic lesions initially were quite high (22). In contrast,
Lieberman et al. (23) reported from the USA that the cumu-
lative result represents the most advanced lesion found on

Jpn J Clin Oncol 2009;39(7) 439

any colonoscopy performed during the 5.5-year study
period. Among 298 patients with no neoplasia at baseline
who had follow-up evaluation, 67 (22.5%) had small tubular
adenomas (<10 mm), and 2.4% had advanced neoplasia,
including 1 (0.3%) patient with cancer. Basically, our results
were in agreement with this report. The 5-year incidence of
ILs in those with no initial neoplasia (Group A) was 2.6%,
in those with small adenomas (Group B), large adenomas
(Group C) and M cancers (Group D) were 6.7%, 13.4% and
12.6%, respectively. Moreover, the cumulative incidence of
ILs at 1 and 3 years was 0.5/1.9% and 2.7/5.6% in Group
A + B (low-risk group) and Group C + D (high-risk group),
respectively. These results suggested that a surveillance colo-
noscopy after initial total colonoscopy should be performed
at 3-year for patients without any polyps or with polyps
<6 mm (low-risk group). In contrast, it should be performed
at 1 year for patients with any large polyp (=6 mm) or intra-
mucosal cancer (high-risk group).

According to the latest guidelines from the USA, the rec-
ommendations for the surveillance interval for patients with
one or two small (<10 mm) tubular adenomas with no high-
grade dysplasia ranged from 5 to 10 years after baseline
colonoscopy. On the other hand, patients with three or more
adenomas, high-grade dysplasia, villous features or an
adenoma >10 mm in size should have a 3-year follow-up
colonoscopy (24). Lieberman et al. (23) reported that many
of the interval cancers and large adenomas were discovered
in the first 36 months after initial colonoscopy, raising issues
about the quality of the colonoscopy. Among the 379 ILs, a
total of 193 (51%) lesions, including 13 invasive cancers,
were newly diagnosed within 3 years in our study, especially
7 SM cancers were detected in the first 12 months. A

Table 6. Description of 13 patients diagnosed with invasive cancer during the follow-up period within 3 years

.asclinc characteristics

Months since initial Depth of lesion.

Age (year)/sex Category (group) colonoscopy Location Size/macroscopic type (T-stage)
41M o 4 Rectum 8 mm/Is (sessile) SM (T1)
50M D 4 Sigmoid 10 mm/Is (sessile) SM (T1)
61/M C 6 Sigmoid 13 mm/Isp (semi-pedunculated) SM (T1)
68/M D 6 Sigmoid 15 mm/Isp (semi-pedunculated) SM (T1)
68/F C 8 Cecum 20 mmy/I1a + Ilc (depressed) SM (T1)
69/F D 9 Transverse 15 mm/Ila (LST-NG) (flat) SM (T1)
7I/M B 11 Transverse 20 mnv/ITa + Tlc (depressed) SM (T1)
67/F A 19 Rectum 20 mm/Is (sessile) MP (T2)
T2/F B 24 Rectum 10 mm/Ila + Ilc (depressed) MP (T2)
58/M B 25 Ascending 6 mm/Ila + IIc (depressed) SM (T1)
66/F D 26 Transverse 6 mny/Is (sessile) SM (T1)
41M A 30 Sigmoid 20 mm/TTa + Tlc (depressed) SS (T3)
5M B 32 Sigmoid 20 mm/Ila (LST-NG) (flat) SM (T1)
SM, submucosa; LST-NG, laterally spreading tumor, non-, lar; MP, laris propria; SS,
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diagnosis of ILs soon after complete colonoscopy shows that
the procedure is not 100% sensitive in identifying prevalent
neoplasia. It strongly suggests the possibility that prevalent
neoplasia were missed at baseline colonoscopy. Significant
miss rates of single colonoscopy, especially for small adeno-
mas, have been estimated on the basis of back-to-back
tandem colonoscopy. Rex et al. (25) reported that the miss
rate for adenomas >10 mm was 6%, for adenomas 6—9 mm
was 13% and for adenomas <5 mm was 27%. Similarly, in
a recent study of virtual colonoscopy, conventional colono-
scopy failed to detect 12% of lesions >10 mm (26).

From our data, among all ILs except ADV cancer, there
were 122 (32%) flat and 18 (5%) depressed lesions.
Non-polypoid colorectal neoplasms (NP-CRNs) are con-
sidered to have a high malignant potential and a high miss
rate compared with polypoid ones of similar size (27—30).
Soetikno et al. reported that the overall prevalence of
NP-CRNs and NP-CRNs with in situ or SM invasive carci-
noma was 9.35% and 0.82%, respectively. They also con-
cluded that NP-CRNs were more likely to contain carcinoma
(odds ratio: 9.78) than polypoid lesions, regardless of the
size (30). In our study, among all 13 invasive cancers diag-
nosed during the 3-year follow-up period, there were seven
(54%) NP-CRNs (five depressed and two flat lesions).
Moreover, the mean size of these lesions was <15 mm in
diameter. It is quite difficult to recognize such lesions com-
pared with the polypoid ones; therefore, special attention
must be paid to NP-CRNs during colonoscopy. Future
advances in image-enhanced endoscopy (31), e.g. narrow
band imaging (32-35), autofluorescence imaging (36,37)
and chromoendoscopy (38,39), may improve the ability to
detect flat and depressed lesions during colonoscopy,
whereas the effect of such lesions on clinical outcomes still
remains to be established.

The incidence of ILs during follow-up colonoscopy was
associated with sex and age in our study. The association of
advanced lesions with sex and age was not significant in pre-
vious studies (22,40,41); however, it can be concluded that
ILs are more likely to develop in males and in older patients.
Furthermore, we find that patients with polyps of >6 mm or
with any M cancer at initial colonoscopy have a very high
risk of interval advanced neoplasia during surveillance. Few
studies have performed systematic follow-up of patients after
curative resection of CRC (42,43). Nava and Pagana fol-
lowed 240 patients for 4 years after curative resection of
CRC. They detected 28 (11.7%) patients with cancer during
the follow-up (43). In our high-risk group (Group C+D),
216 (13.1%) patients had ILs including 19 (1.2%) invasive
cancers during the follow-up period. The chronology of this
makes it more likely that these were missed lesions or fol-
lowed the ‘de novo pathway’ (44,45) rather than progression
of the adenoma—carcinoma sequence.

There are several limitations in this study. First, this
present study was a multicenter retrospective cohort study.
The number of subjects was probably enough, however, a
prospective study would help to overcome some of these

Incidence of advanced neoplasia after initial colonoscopy

limitations. Another point worth mentioning is that we could
not investigate the main indication for colonoscopy at the
time of initial examination. Therefore, subjects were not
limited strictly to asymptomatic patients in this study.
Actually, the prevalence of Group A, patients without any
adenomatous polyp, was lower than the other study subjects
(38% vs. 66%, 63%) (22,23). In addition, we could not
evaluate the number of adenomas and adenomas with villous
histology at initial colonoscopy. Several studies have found
that individuals with either 3 or more adenomas, tubular
adenoma >10 mm, villous adenoma or adenoma with high-
grade dysplasia at a baseline screening colonoscopy have a
similarly higher risk of advanced neoplasia within 5 years
compared with patients with no polyps or 1 or 2 small
(<10 mm) tubular adenomas. On the basis of the results of
our current study, a prospective evaluation of these factors
would seem logical in order to validate other international
guidelines in the Japanese context. Regarding the JPS, we
started to recruit the eligible patients since 2003 (46). The
JPS is a multicenter randomized controlled trial designed to
evaluate CRC surveillance strategies in patients who have
undergone complete colonoscopies on two occasions, with
the removal of all detected neoplasia by high-resolution
colonoscope, including the removal of flat and depressed
lesions. The JPS is intended to continue until 2011, and the
last step of the randomization process and complete histo-
pathological assessment are ongoing.

In conclusion, there is a strong relationship between the
results of baseline colonoscopy and the rate of serious inci-
dent lesions during 5 years of surveillance. Patients with any
adenomatous polyps of >6 mm or M cancer at the initial
colonoscopy have a higher risk of advanced lesions com-
pared with the lower risk group. Another issue is that impor-
tant lesions were missed at the initial colonoscopy and
detected during follow-up colonoscopy, although all examin-
ations were performed by experts.
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Abstract

AIM: To clarify the clinicopathological characteristics
of small and large early invasive colorectal cancers (EI-
CRCs), and to determine whether malignancy grade
depends on size.

METHODS: A total of 583 consecutive EI-CRCs
treated by endoscopic mucosal resection or surgery
at the National Cancer Center Hospital between 1980
and 2004 were enrolled in this study. Lesions were
classified into two groups based on size: small (<
10 mm) and large (> 10 mm). Clinicopathological
features, incidence of lymph node metastasis (LNM)
and risk factors for LNM, such as depth of invasion,
lymphovascular invasion (LVI) and poorly differentiated
adenocarcinoma (PDA) were analyzed in all resected
specimens.

RESULTS: There were 120 (21%) small and 463 (79%)
large lesions. Histopathological analysis of the small
lesion group revealed submucosal deep cancer (sm: =

1000 pm) in 90 (75%) cases, LVI in 26 (22%) cases,
and PDA in 12 (10%) cases. Similarly, the large lesion
group exhibited submucosal deep cancer in 380 (82%)
cases, LVI in 125 (27%) cases, and PDA in 79 (17%)
cases. The rate of LNM was 11.2% and 12.1% in the
small and large lesion groups, respectively.

CONCLUSION: Small EI-CRC demonstrated the same
aggressiveness and malignant potential as large cancer.

© 2009 The WIG Press and Baishideng. All rights reserved.
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INTRODUCTION

Colorectal cancer (CRC) is the third most important
cause of cancer mortality in Japan, and its incidence
is gradually increasing, To reduce CRC mortality, early
detection and appropriate treatment are required. In
general, small lesions are suspected of having a lower
malignant potential than large ones, and hence are easy
to remove endoscopically. Several authors have reported
that the malignant potential of early i.nvasivc colorectal
cancer (EI-CRC) increases with lesion size™™, Therefore,
lesion size is considered to be indicative of the depth of
invasion and presence of lymph node metastasis (LNM).
In contrast, flat, and in particular depressed lesions,
are considered to have a tendency to invade rapidly
the submucosal layer, even when small“?, However,
clinicopathological features of small EI-CRCs have still
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not been studied extensively.

The aim of this retrospective study was to clarify the
clinicopathological characteristics of small and large EI-
CRCs and their implications for endoscopic treatment.

assessed by the y test, Fisher’s exact test and the Wilcoxon
matched-pairs signed-ranks test using SPSS statistical
softwate (SPSS for Windows , version 16.0], Tokyo, Japan).
Statistical significance was defined as P < 0.05.

MATERIALS AND METHODS

RESULTS

Subjects

Five hundred and eighty-three patients (374 male
and 209 female) with EI-CRC that had been resected
surgically or endoscopically at the National Cancer
Center Hospital, between January 1980 and January 2004,
were examined retrospectively. In all of these patients,
cancer cells invaded through the musculatis mucosa into
the submucosal layer but did not extend deeply into the
muscularis propria. Eligibility also required the lesions
to be macroscopically non-pedunculated (sessile, flat
and depressed). Patients with synchronous advanced
CRC, multiple EI-CRCs, inflammatory bowel disease,
hereditary non-polyposis colorectal cancer and familial
adenomatous polyposis were excluded from the study.

Methods

All lesions were classified into two groups according
to their endoscopic image size: small (< 10 mm) and
large (> 10 mm). Furthermore, lesions were classified
into three categories (sessile, 0- I's, I s+ I a; flat, 0- M a;
and depressed, 0-Ic, Da+1lc, I's+1c) according to
the Paris classification”. Clinicopathological features,
incidence of LNM and risk factors for LNM, such
as depth of invasion, lymphovascular invasion (LVI)
and pootly differentiated adenocarcinoma (PDA) were
analyzed in all resected specimens.

Histopathology

Resected specimens were fixed in 10% formalin and
examined histopathologically following hematoxylin and
eosin staining. Histopathological diagnosis was based
on the World Health Organization (WHO) criteria®.
Submucosal invasion was measured from the muscularis
mucosa to the deepest portion. When the muscularis
mucosa could not be identified because of cancer
invasion, the vertical length was measured from the
surface of the lesion to the deepest portion according to
Kitajima’s classification. Tumors with a vertical length
of <1000 pm in the submucosal layer wete classified as
submucosal superficial invasive cancers (sm-superficial),

and lesions with a length = 1000 pm were classified as -

submucosal deep invasive cancers (sm-deep). The tumor
growth patterns were histopathologically divided into
polypoid growth (PG) and non-polypoid growth (NPG)
types. Shimoda e a/"” have reported polyp cancers with
protrusions caused by intramucosal proliferation of the
carcinoma or coexistent adenoma that behaved as PG
type carcinoma, while flat/depressed type carcinoma
without polypoid proliferation of intramucosal tumor
behaved as NPG type carcinoma.

Statistical analysis
The significance of differences in proportions was

A total of 583 EI-CRCs were retrospectively evaluated,
with 120 (21%) small and 463 (79%) large lesions
identified (Table 1). The gender ratio (male/female) was
24 and 1.7, and the mean age was 61.5 and 62.4 years
in the small and large lesion groups, respectively. Mean
size of the small and large lesions was 8.3 and 22.1 mm,
respectively.

Macroscopic type, growth type and location
Macroscopic assessment of small lesions identified
51 cases as sessile (42%), 14 as flat (12%), and 55 as
depressed (46%). Similarly, large lesion groups comprised
233 sessile (50%), 64 flat (14%), and 166 depressed (36%)
type. PG types were identified in 32% (38/120) and 54%
(250/463) of small and large lesions, respectively. In
contrast, the prevalence of NPG type in the small lesion
group was significantly higher than in the large lesion
group (68% vs 46%, P < 0.0001). Regarding tumor
location, there were 33 (27%) rectal, 56 (47%) distal
colon and 31 (26%) proximal colon cancers in the small
lesion group. In contrast, there were 213 (46%) rectal,
139 (30%) distal colon and 111 (24%) proximal cancers
in the large lesion group. The incidence of rectal cancer
in the large lesion group was significantly higher than in
the small lesion group (P = 0.02).

LNM

Among the lesions treated surgically, the incidence of
LNM was 11.2% (10/89) and 12.1% (46/381) in small
and large lesion groups, respectively (P = 0.85) (Table 2).

Depth of invasion/LVI/PDA

Histopathological analysis of the small lesion group
revealed sm-deep cancer in 90 (75%) cases, LVI in 26
(22%) and PDA in 12 (10%). Similarly, the large lesion
group exhibited sm-deep cancer in 380 (82%) cases,
LVI in 125 (27%), and PDA in 79 (17%). Therefore, in
relation to depth of invasion, LVI and PDA, there were
no significant differences between the groups.

Treatment strategy

Among the small lesion group, 62 (52%) cases were initially
treated with endoscopic mucosal resection (EMR), while
58 (48%) cases were surgically resected. In contrast, among
the large lesion group, 133 (29%) cases were initially
treated with EMR, while 330 (71%) cases were sugically
resected. Among all lesions treated by EMR, there were
no differences in the rate of positive and unknown vertical
and/or lateral cut margins in the small (18%, 11/62) and
large lesion groups (20%, 26/133). Furthermore, among
all positive cut margin cases in the small and large lesion
groups, there were 11 (100%) and 18 (69%) positive vettical
margin cases (Table 3, Figures 1 and 2).
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Table 1t Comparison of clinicopathological and endoscopic
characteristics for 583 study cases

Table 2 Incidence of LNM and
characteristics based on tumor size # (

linicopathological

LVL: Lymp invasion; PDA: Poorly di d
LNM: Lymph node metastasis.

Table 4 Comparison of clinicopathological characteristics and
incidence of LNM based on the treatmenc strategy o (%)

i id . 2 1
gmoid colon; *C

Table 3 Comparison of treatinent strategy and posi
of cut margin 7 (%)

'Positive and unknown cut margin. EMR: Endoscopic mucosal resection.

According to the initial treatment, thete were 134
(69%) and 336 (87%) sm-deep cancets in the EMR and
surgery groups, respectively. Furthermore, there were
33 (17%) and 118 (30%) LVI-positive, and 18 (9%) and
73 (19%) PDA-positive cases in the EMR and surgery
groups, respectively. There were 37 (19%) positive cut
margin cases, including 29 (78%) positive vertical margins
in the EMR group. In contrast, there were no positive cut
margin cases in the surgery group. In the EMR group,
82 (42%) patients underwent additional surgery with
LN dissection after EMR within 6 mo. The incidence of
LNM was 11.0% (9/82) and 12.1% (47/388) in the EMR
and surgery groups, respectively (P = 0.79) (Table 4).

DISCUSSION

Several authors have reported a strong association
between lesion size and submucosal invasion or risk
of LNM when referring to the grade of malignancy

of early CRC. Large lesion size has been considered an -

indicator of deep submucosal invasion and presence of
LNM. However, in this large retrospective study, small
EI-CRC demonstrated a similar aggressive behavior
and malignant potential to those of large lesions, with 2
similar risk of LNM , LVI and PDA among both groups.

Intramucosal CRC is thought generally to have no
potential for LNM. In contrast, it has been reported that

"Positive and unknown cut margin.

LNM occurs in 6%-13% of patients with submucosal
invasive CRC""™. Therefore, radical surgery with LN
dissection is recommended strongly in these cases. At
present, EMR provides an endoscopic cure of eatly
stage CRC when there is no risk of LNM. Advances in
endoscopic instruments and techniques have increased
the detection rates of early stage CRC and have
expanded the indications for EMR".

In the past 20 years, many investigators have
proposed the following histopathological criteria when
considering additional sutgery after EMR of submucosal
cancers: massive submucosal invasion (= 1000 pm),
and/or LVI, and/or PDA"*, Among these factors,
LVI and PDA are impossible to predict before resection.
At this point, it is crucial to predict the vertical depth of
invasion of submucosal cancers prior to EMR. In our
centet, we use routinely a magnifying colonoscope to
decide on the adequate treatment of eatly stage CRC.
Magnifying chromoendoscopy (MCE) is a standardized
validated method that facilitates detailed analysis of the
morphological architecture of colonic mucosal crypt
orifices (pit pattern), in a simple and rapid manner.
We have reported previously the efficacy of MCE to
diagnose an invasive pattern as a typical finding of sm-
deep cancers, and have demonstrated that it provides a
good cottelation between zgit pattern and tumor depth in
flat and depressed CRC™*",

Many authors have reported that depressed and/or
NPG type lesions are considered to have a high malignant
potential, compared to the polypoid type lesions of similar
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