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ingestion of bLF increases the number of neutrophil precursor
cells in human patients (24, 27). In addition, because LF is
an important component of the human immune system (23,
28-31), we also measured the levels of human lactoferrin
(hLF) in the serum of trial participants.

At the end of the irial period, the target lesions were
removed and examined. The number of neutrophils in these
specimens was of particular interest: Several reports indicate
that neutrophils can enhance tumor growth (32-35), but in
rodents, ingestion of bLF attenuates the movement of neutro-
phils to the small intestine (36).

Materials and Methods

Trial profile

An outline of the trial profile is shown in Supplementary Fig. 51.
The trial was initiated after approval by the Ethical Committee of
the National Cancer Center Hospital, Tokyo, Japan, and continued un-
til January 2006. This study is registered in the University Hospital
Medical Information Network Clinical Trials Registry (Tokyo, Japan;
no. C000000182). The Independent Data Monitoring Committee deter-
mined the trial should have approximately 105 participants. Between
February 2002 and January 2005, 307 patients scheduled for colono-
scopic examination at the National Cancer Center Hospital, Tokyo,
Japan, were invited to join the trial; patients were approached before
their examinations. Of these, 215 patients provided written informed
consent.

The 215 potential trial participants underwent their scheduled co-
lonoscopic examinations, and during the examination, potential tar-
get polyps were marked by injection of india ink close to the polyp
and photographed. Patients were excluded from the trial who met
any of the following criteria: no target lesion present; dairy product
allergies; use of nonsteroidal anti-inflammatory drugs (NSAID) or
statins for >50 d in the previous 3 mo (use of these drugs could
affect polyp size refs. 37, 38); diagnosed as having cancer; a history
of colectomy within the previous 3 y; inflammatory bowel disease,
familial adenomatous polyposis, or hereditary nonpolyposis colo-
rectal cancer; or active infection such as hepatitis B or C. Patients
with a history of cancer were included in the trial only if they were
diagnosed as being cured of cancer and unlikely to suffer a relapse
for at least 1 y. Ultimately, 108 participants ages 40 to 75 y with
<5-mm-diameter polyps showing a pit pattern III were enrolled
in the trial; the classification of pit patterns was based on Kudo's
classification (39).

Participants were randomized (Randomization Center; Japan Clin-
ical Research Support Unit, Tokyo, Japan) and assigned to one of three
treatment groups (the placebo group, the 1.5-g bLF group, or the 3.0-g
bLF group). Trial participation commenced within 30 d after colono-
scopic examination. At commencement, patients underwent their ini-
tial trial intetviews.

Participants took six tablets orally everyday for 12 mo. One tablet
(1.5 g) contained bLF at 0, 250, or 500 mg. In addition, the tablets
contained carbohydrate (p-sorbitol, maltitol, and corn starch), but
not fat or dietary fiber. The caloric value of six tablets was 36 kcal
for all groups. Tablets were designed to be indistinguishable from
each other in appearance, smell, and taste. Good compliance was de-
fined as having taken two thirds or more of the tablets prescribed, and
poor compliance as having taken less than two thirds of the tablets
prescribed. Intake of any product containing bLF was prohibited
throughout the entire study period. Participants were verbally
instructed to continue with their usual food (especially fat and fiber),
alcohol, and supplement intake at trial commencement and 3, 6, and
9 mo, although they were not requested to record their meals during
the trial period. Treatment assignments and participant assessments
were not revealed to investigators, participants, or the sponsor over
the study period.
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Colonoscopy

Endoscopists performed initial and final total colonoscopic exami-
nations with zoom colonoscopes (CF-240ZI, PCF-240ZI, and CE-200Z,
Olympus). During the initial examination, before the commencement
of the trial, all lesions detected by colonescopy were observed at 100-
fold magnification after spraying 0.2% indigo carmine dye over the
lesion to easily differentiate polyp from normal mucosa and to more
clearly observe the pit patterns of the polyps. Of these, <5-mm-diam-
eter polyps with pit pattern Il at the most proximal sites of the right
colon (cecum to transverse colon) and the left colon (descending colon
to rectum) were identified as target lesions. The classification of pit
patterns was based on Kudo's classification (39). This classification
system assigns colonic lesions into six categories: types I and II are
designated nonneoplastic; types IIIS, IIIL, IV, and V are designated
neoplastic. Type IIIS shows small tubular or roundish pits; type IIIL
shows large tubular or roundish pits. Macroscopically, intramucosal
polypoid growths (pedunculated polypoid lesions and sessile and
broad-based polypoid lesions) and nonpolypoid growths showing in-
filtration of tumor cells below the submucosal layer were excluded
from being used as target lesions because they would most probably
show malignant characteristics (40—43). These lesions and >5-mm-
diameter polyps with pit pattern Il were removed at the time of de-
tection. A total of 119 lesions in the full analysis set (FAS) population
(104 participants) with pit pattern Il were identified as target polyps.

Target polyps were photographed and marked by injection of india
ink close to the polyp. Target polyp size was estimated using both
open biopsy forceps (44-46) and a 5-mm paper disc and open scale
forceps (see Supplementary data for a description of the use of the
5-mm paper disc to estimate polyp size). At the end of the trial period,
target polyps were identified by location and the presence of the india
ink marker. The size and pit pattern of the polyps were measured by
endoscopy, and the polyps were excised for examination. (All other
premalignant and malignant growths were also removed at this time.)
Target polyps were immediately fixed in phosphate-buffered neutral
formalin, embedded in paraffin, and stained with H&E.

The Endoscopic Data Adjudication Committee (Drs. Akasu and
Gotoda) evaluated the size of the polyps and pit pattern by photo-
graphs. Excised lesions were histopathologically diagnosed by a
board-certified pathologist. '

Assessment of safety

To assess safety, medical health checkups and evaluation of clinical
findings through diary writing and patient interviews were done at
trial commencement and every 3 mo. Safety analyses were done for
all participants who took at least one tablet.

Immunologic parameters

Peripheral blood was collected from participants at trial commence-
ment (before treatment), 3 mo, 6 mo, 9 mo, and 12 mo. Parameters to
be measured were selected based on the results of previous experi-
mental studies (12, 14, 15, 47). ELISA, lymphocyte subset (CD4,
CD8, CD16, and CD56) measurement, and NK cell activity were mea-
sured as described below.

ELISA. Peripheral blood was collected from trial participants as
noted above. ELISA for hLF was done as follows. Microtiter plates
were coated with a mouse anti-hLF antibody (mouse, clone: 2B8,
IgG1, Advanced Immuno Chemical) and incubated at 5°C overnight.
To block the wells, 250 pL of 0.5% gelatin in PBS were added to the
wells and the plate was incubated at 37°C for 1 h. One hundred mi-
croliters of sample were applied to the blocked wells and the plate
was incubated at 5°C overnight. Captured hLF was detected using
horseradish peroxidase-labeled polyclonal antibodies against hLF
(rabbit; Cappel) and visualization was done using o-phenylenedia-
mine (Sigma). The minimal detectable concentration of hLF was
~200 pg/mL; the minimal detectable concentration of bLF was
>20 ug/mL. An ELISA specific for bLF using a specific monoclonal
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antibody against bLF, developed by Morinaga Milk Industry, was
done similarly. Briefly, microtiter plates were coated with capture an-
tibody (anti-bLF rabbit polyclonal, Morinaga Milk Industry) and
blocked, and then 100-uL sample was applied. Captured bLF was de-
tected using a biotin-labeled anti-bLF polyclonal antibody (rabbit; Na-
calai, Japan) and visualized with horseradish peroxidase-labeled
streptavidin (Zymed) and o-phenylenediamine. The minimal detect-
able concentration of bLF was ~500 pg/mL; the minimal detectable
concentration of hLF was >20 pg/mL. An ELISA kit (minimum detec-
tion limit, 25.0 pg/mL; Medical & Biological Laboratories Co. Ltd.)
was used to measure mature human interleukin-18. Human IFNy le-
vels were determined by SRL, Inc.

Lymphocyte subsets (CD4, CD8, CD16, and CD56). Peripheral
blood was collected from trial participants as noted above. Blood sam-
ples were diluted with saline, and lymphocytes were separated from
the diluted blood samples using Ficoll-Conray solution (relative den-
sity, 1.077; IBL). Fluorescence-activated cell sorting was used to isolate
the different lymphocyte subsets. The following antibodies were used
for immunofluorescence staining of lymphocytes: two-color antihu-
man CD4-FITC (T4, Beckman Coulter), CD8-RD1 (T8, Beckman Coul-
ter), CD16-FITC (Becton Dickinson), and CD56-RD1 (Beckman

. Coulter). Relative fluorescence intensities of single- or two-color stain-
" ing were then measured with a FACSCalibur (Becton Dickinson).

NK cell activity. Peripheral blood was collected from trial partici-
pants and lymphocytes isolated using Ficoll-Conray solution as noted
above. The entire lymphocyte population (containing effector cells)
was washed twice with PBS. Cell killing activity was then measured
using K-562 cells labeled with 5'Cr as target cells. Target cells (1 x 10%/
mL, 10 pL) and effector cells (1 x 10°/mlL, 200 uL) were mixed and
incubated at 37°C, 5% CO, for 3.5 h. The medium was then removed
and dlarified by centrifugation, and soluble *'Cr released by killed K-
562 cells was measured with a gamma-counter (1470 Wizard, Perkin-
Elmer Life and Analytical Sciences).

Polymorphenuclear leukocyte infiltration into target
polyps
At the end of the trial period, a final colonoscopic examination was
.done and target polyps (and all other premalignant and malignant
growths found) were removed. Target polyps were immediately fixed
in buffered formalin, embedded in paraffin, and stained with H&E,
followed by histopathologic examination. Polymorphonuclear leuko-
cytes (PMN) were counted in the stroma of adenomatous polyps. On-
ly polyp sections containing at least five atypical adenoma glands and
mucosa propria to a depth equal to at least the average gland diam-
eter (d) were used. PMNSs in the stroma of five glands and the under-
. lying mucosa propria to depth d were counted. The area was
' measured using an image analysis system (Image Processor for Ana-
lytical Pathology, Sumika Technos Corp.).

Statistical analyses

Fifteen participants had two target polyps; these participants were
assessed according to the change in the average of the diameter of the
two polyps. Polyp assessment was done based on the Response Eval-
uation Criteria in Solid Tumors (48). Analysis of covariance and Dun-
nett's multiple comparison test were used to compare the change in
polyp size in the LF-treated groups with that in the placebo group,
using the initial polyp size as a covariate. The assumption for analysis
of covariance was checked, and there was no interaction between
baseline and treatment. To check the interaction between treatment
outcome and each prognostic factor (age, sex, presence or absence
of previous colectomy, and site of target lesion), multiple regression
analysis was done with the following four variables: treatment, sum
of target-lesion diameters by colonoscopy at trial commencement, fac-
tor, and factor-by-treatment interaction. For grouping by age, trial par-
ticipants were divided into two groups: participants at or below the
overall median age of the trial participants (<63) and participants
above the overall median age of the trial participants (>63). For prog-
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nostic factors showing significant interaction with treatment outcome,
subgroup analyses were done separately in each subgroup popula-
tion. The data for NK activity and hLF levels were analyzed using
Dunnett's test. Pearson coefficients of correlation were calculated to
determine degrees of association between different variables. Levels
of significance were set at 0.05 (two-sided) for all statistical analyses.
All calculations were conducted using SAS version 8.2 (SAS Institute).

Results

Disposition of subjects

The trial profile is shown in Supplementary Fig. S1 and de-
tailed in Materials and Methods. Briefly, over the course of ~3
years (February 2002 to January 2005), patients scheduled for
a colonoscopic examination were approached before their ex-
aminations and invited to join the trial. Each of the 215 pa-
tients who agreed to join the trail provided written informed
consent and underwent their scheduled examination. During
this examination, potential target polyps were marked
and photographed for further evaluation by the Endoscopic
Data Adjudication Committee. Each of these patients also
underwent a pre-trial interview to determine their suitability

_ for inclusion in the trial. For each trial participant, trial

commencement began within 30 days after their initial
colonoscopic examination.

Of the 215 patients who initially agreed to join the trial, 108
patients met the trial criteria and agreed to continue with the
trail. These 108 patients were each enrolled and randomized
into one of three treatment groups (the placebo group, the
1.5-g bLF group, or the 3.0-g bLF group). After randomization
into treatment groups, two participants originally enrolled in-
to the trial were excluded: One participant assigned to the pla-
cebo group did not have a target polyp, as judged by the
Endoscopic Data Adjudication Committee after further evalu-
ation of the photographs taken during the initial colonoscopic
examination, and during the initial trial interview, one partic-
ipant assigned to the 3.0-g bLF group was found to have used
statins. Therefore, the initial trial population consisted of 106
participants. Table 1 shows the characteristics of this popula-
tion at trial commencement. The overall age (mean  SD) was
62.4 + 6.9 years. Eighty-seven subjects (82.1%) were men. A
total of 121 polyps with pit pattern IIl were identified by co-
lonoscopy in this population, and the estimated diameter
(mean + SD) was 3.5 = 0.9 mm. All those (n = 27) with a his-
tory of colectomy had undergone it as a result of colorectal
cancer.

Two participants withdrew from the trial after commence-
ment (both in the placebo group). The FAS population for
the trial, therefore, consisted of 104 participants. The per-pro-
tocol set (PPS) population included 102 participants after ex-
clusion of two from the FAS population who used NSAIDs
(both in the 3.0-g bLF group). The FAS population was used
to analyze the effects of bLF treatment on target polyp size,
and the PPS population was used to analyze the effects of
bLF treatment on immunologic parameters; see Supplementa-
ry data for a brief explanation of our use of the FAS and PPS
population data.

Compliance

In the FAS population (n = 104), tablet intake rates (mean +
SD) were 92.1 + 9.0% in the placebo group (1 = 33), 94.3 £ 5.0%
in the 1.5-g bLF group (n = 37), and 92.1 + 9.3% in the 3.0-g
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Table 1. Characteristics of the initial trial population at trial commencement

Placebo group

1.5-g bLF group 3.0-g bLF group

{n = 35) (h =37) (n=34)
Age (y), mean + SD 630+ 6.4 614 +73 63.0 + 6.8
Male, n (%) 29 (82.9) 29 (78.4) 29 (85.3)
Height {cm), mean + SD 1664 + 7.4 1645+ 7.0 164.4 + 7.8
Weight (kg), mean + SD 642+ 7.6 659+ 11.9 63.9 £ 9.0
Previous colectomy, n (%) 10 (28.6) 8 (21.6) 9 (26.5)
Alcohol consumption, i (%) 26 (74.3) 28 (75.7) 26 (76.5)
Smoking, n (%) 5(14.3) 13 (35.1) 8 (23.5)
Target-lesion diameters (mm) by colonoscopy, mean + SD 40+14 38zx14 41 17
Site of target lesions by colonoscopy
Right colon, n (%) 23 (65.7) 23 (62.2) 20 (58.8)
Left colon, n (%) 7 (20.0) 9(24.3) 9 (26.5)
Right and left colon, n (%) 5 (14.3) 5 (13.5) 5 (14.7)

bLF group (n = 34). There was poor compliance (as defined in
Materials and Methods) from two participants: one partici-
pant of two withdrawing consent from the placebo group
(tablet intake rate, 54.6%) and one participant of two excluded
from the 3.0-g bLF group due to NSAID use (tablet intake
rate, 51.7%).

Pit patterns and histologic diagnosis

A total of 119 polyps in the FAS population with pit pattern
I were identified by colonoscopy as target polyps. The pit pat-
tern of two (both in the 3.0-g bLF group) changed into pit pat-
tern I (regular round crypts, normal mucosa) at 12 months. All
the others showed pit pattern III. Of these lesions, 91 were
histologically diagnosed: 31 in the placebo group, 30 in the
1.5-g bLF group, and 30 in the 3.0-g bLF group. (Twenty-eight
polyps were used up during RNA extraction; the analysis of
the RNA is ongoing and not part of this report.) Eighty-nine
(97.8%) were adenomas and two were hyperplasias (both in
the 1.5-g bLF group), verifying our identification of polyps
with pit pattern Il as a predictor of adenoma.

Safety

One participant in each of the three groups had an adverse
event for which a causal relationship with tablets could not be
determined: A mild decrease in triacylglycerol levels was ob-
served in a participant in the placebo group; a mild increase in
alkaline phosphatase levels was observed in a participant in
the 1.5-g bLF group; and a moderate increase in total bilirubin
levels (with a mild increase observed at trial commencement)
was observed in a participant in the 3.0-g bLF group. Levels of
alkaline phosphatase and total bilirubin spontaneously re-
turned to normal after the end of the study treatment. In the
3.0-g bLF group, lung metastases from colorectal cancer were
observed in one participant and liver metastases from colorec-
tal cancer were observed in a second participant (both partici-
pants had a history of colon cancer). Because both were
diagnosed with metastases within 1 week before the end of
the treatment and were found to have no laboratory abnormal-
ities associated with them, the treatment was continued and
completed. No other serious adverse events occurred during
this study, and the safety of the treatment was confirmed.
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Efficacy of bLF treatment on polyp size

A comparison of the change in polyp size among treatment
groups in the FAS population is shown in Table 2. Although
the differences between LF-treated groups and the placebo
group were not significant (P = 0.098), some reduction in pol-
yp diameter in the 3.0-g bLF group (~0.2 mm, 4.9% regression)
was observed, whereas an increment in polyp size was ob-
served in the placebo group (+0.2 mm, 5.0% increase). Similar
results were obtained in the analysis of the PPS populatio
(Table 2). :

A comparison of the change in polyp size among groups
and in subgroups (age or sex) is shown in Table 2. Multiple
regression analysis revealed both age-by-treatment (P =
0.034) and sex-by-treatment (P = 0.043) interactions. Signifi-
cant retardation of target polyp diameter was found in
participants <63 years of age ingesting 3.0 g of bLF per day
(P = 0.006; Table 2) and possibly in female participants ingest-
ing 3.0 g of bLF per day (P = 0.019; Table 2). The number of
female participants, however, was small; therefore, whereas
the retardation of target polyp diameter was statistically sig-
nificant, the effect of bLF in women needs to be confirmed in

 trials with a larger number of female participants.

The number and site of target lesions and the presence
or absence of previous colectomy showed nonsignificant in-
teraction with treatment outcome (P = 0.39 and P = 0.57,
respectively).

Efficacy of bLF treatment on immunologic parameters

The effect of bLF ingestion on polyp size was equivalent in
the FAS and PPS populations (Supplementary Table S1); there-
fore, the PPS population was used to examine the effect of bLF
treatment on immunologic parameters (see Supplementary
data for a brief explanation of our use of the FAS and PPS pop-
ulation data).

Ingestion of 3.0-g bLF resulted in significantly elevated se-
rum hLF levels (P < 0.001; Fig. 1A), suggesting that ingestion
of 3.0-g bLF affected the immune system. Multiple regression
analysis revealed age-by-treatment interaction on serum levels
of hLF (P < 0.001). As with the effect of bLF on polyp size, bLF
significantly affected serum levels of hLF only in participants
<63 years of age. In the <63 years age subgroup (n = 54),
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serum hLF levels changed by -1.63 + 10.69 ng/mL in the pla-
cebo group and by 25.43 + 19.35 ng/mL in the 3.0-g bLF
group (P < 0.001); in the >64 years age subgroup (n = 48),
serum hLF levels changed by -3.18 + 5.69 ng/mL in the pla-
cebo group and by 5.25 + 14.16 ng/mL in the 3.0-g bLF group
(P = 0.079). Analysis of serum hLF levels in participants in-
gesting 3.0-g bLF revealed that in this group, induction of
hLF weakened with aging (r = ~0.642, P < 0.001; Fig. 1B).
Serum levels of (ingested) bLF were below the limit of detec-
tion in all groups (data not shown).

Ingestion of 1.5-g bLF increased NK cell activity (P = 0.048;
Fig. 2); however, the increase in NK cell activity in participants
ingesting 3.0-g bLF did not attain statistical significance (P =
0.058). There was no age-by-treatment interaction on NK cell
activity (P = 0.911).

For all other immunologic parameters measured, no differ-
ences between LP-treated groups and the placebo group were
observed {(data not shown).

Changes in polyp size and possible associated factors

As noted above, the effect of bLF ingestion on polyp size
was equivalent in the FAS and PPS populations. Therefore,
the PPS population was used to examine correlations between
changes in target polyp size and NK cell activity, serum hLF
levels, and PMN infiltration into target polyps.

Participants with growth-retarded polyps had significantly
higher NK cell activity compared with participants with grow-
ing polyps (P = 0.037; Supplementary Fig. 52A). In addition,
increased NK cell activity correlated with increases in the
CD16"/CD56* subset of NK cells in the blood (r = 0.371,

Table 2. Analysis of the growth of polyps by colonoscopy

Baseline,* mm = SD Change,! mm = SD (%) 95% CL¥ mm Pt
Variable
Full analysis set {n = 104)1
Placebo group (n = 33) 40+ 14 0.2 + 0.8 (5.0)
1.5-g bLF group {n = 37) 38+14 0.1 £ 0.8 (2.6) -0.70, 0.26 0.490
3.0-g bLF group (n = 34) 4117 -0.2 £ 1.3 (-4.9) -0.91, 0.07 0.098
Per-protocol set (n = 102)
Placebo group (n = 33) 40+ 14 0.2 + 0.8 (5.0)
1.5-g bLF group {n = 37) 38x+14 0.1+ 0.8 (2.6} -0.70, 0.26 0.500
3.0-g bLF group (n = 32) 41+ 18 -0.2 + 1.3 (-4.9) ~0.95,0.06 0.081
Subgroup ‘
Age (n = 104)
<63-year-old (n = 55)7
Placebo group {n = 18) 39+15 0.5+ 0.8 (12.8)
1.5-g bLF group {(n = 21) 4016 -0.1 £ 0.5 (-2.5) -1.08, 0.03 0.066
3.0-g bLF group (n = 16) 40+ 1.7 -0.4 £ 1.3 (-10) ~1.41, -0.22 0.006
>64-year-old (n = 49)
Placebo group {n = 15) 41+ 13 ~0.1 £ 0.8 (-2.4)
1.5-g bLF group (n = 16) 35+12 0.3 + 1.0 (8.6} -0.66, 1.02. 0.840
3.0-g bLF group (n = 18) 41+1.8 -0.1 £ 1.3 {-2,4) -0.82, 0.80 >0.950
Sex {(n = 104)
Male (n = 85)
Placebo group {n = 27) 39+14 0.2 £ 0.8 (5.1)
1.5-g bLF group {n = 29) 3915 0.1 £ 0.9 (2.6) -0.66, 0.39 0.790
3.0-g bLF group (n = 29) 41+ 1.9 -0.1 £ 1.2 (-2.4) -0.72, 0.33 0.600
Female (n = 19)
Placebo group (n = 6) 46 1.2 0.3 £ 0.9 {6.5)
1.5-g bLF group (n = 8) 3406 0.1+0.4 (2.9 -2.06, 0.73 0.410
3.0-g bLF group (n = 5) 37+05 ~1.1 £ 1.4 (-29.7) -3.10, -0.29 0.019

Abbreviation: 95% Cl, 95% confidence interval.

baseline values.

lation. As a result, 104 participants were analyzed.
¥The overall median age of the trial participants is 63 y.

*Baseline refers to the polyp measurements obtained during the initial examination.
tDifference between initial polyp measurements {baseline) and month 12 values. Percentages show the ratio of mean change to mean

#95% CI with Dunnett's adjustment using the baseline value as a covariate.
S$p values versus placebo, calculated by Dunnett's test using the baseline value as a covarate.
ITwo participants in the placebo group who withdrew from the trial after commencement were excluded from the full analysis set popu-
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P < 0.001; Supplementary Fig. 52B). Our data suggest that
higher NK cell activity may be associated with retardation
of target polyp growth.

Participants with growth-retarded polyps had higher levels
of hLF in their serum than participants with growing polyps
(r = -0.279, P = 0.005; Fig. 3A). Our data suggest a possible
negative correlation between serum hLF levels and polyp
growth; however, because bLF ingestion affects both polyp
growth and serum hLF in the <63 years age subgroup, the
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Fig. 2. NK cell activity in the serum was measured every 3 mo during the
trial period, Changes in NK cell activity over the course of the trial period {{ =0 to
t = 12 mo) in the PPS population (n = 102) are shown (see Supplementary
data for a description of the PPS population). The numbers in parentheses
indicate the number of participants in the separate groups. Bars, SD.
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association between hLF and polyp growth is currently
unknown.

Growth-retarded polyps contained a lower density of PMNs
compared with faster-growing polyps. A total of 91 target
polyps were histologically diagnosed, and the density of
PMNSs in the stroma surrounding the target polyps could be
determined in 88 of these polyps, defining a subgroup referred
to as the PPS population with countable PMNs (PCP). In the
PCP subgroup, the stroma surrounding growth-retarded
polyps contained a lower density of PMNs than the stroma
surrounding growing polyps (r = 0.440, P < 0.001; Fig. 3B).
There was no statistically significant age-by-treatment interac-
tion on PMN infiltration into target polyps (n = 88, P = 0.819).

Finally, PCP subgroup participants in whom ingestion of
bLF resulted in induction of serum hLF levels by more than
5 ng/mL had a lower density of PMNs in the stroma sur-
rounding the target polyps than PCP subgroup participants
in whom ingestion of bLF resulted in induction of serum LF
levels by 5 ng/mL or less (P = 0.021; Fig. 3C). These results
suggest a possible negative correlation between serum levels
of hLF and PMN infiltration into the stroma surrounding
adenomatous polyps; however, because the variables being
measured were not independent, the actual association be-
tween hLF and PMN infiltration into the target polyp is
currently unknown.

Discussion

Diet and dietary supplements are factors in colorectal can-
cers (7-10). When used as a dietary supplement, bLF isolated
from cow milk decreases the incidence of both colorectal can-
cer and aberrant crypt foci in animal models (12, 14, 15). We
conducted a randomized, double-blind, controlled trial with
patients ages 40 to 75 years with <5-mm-diameter adenoma-
tous colorectal polyps to determine whether supplementa-
tion of bLF to the human diet had an effect on these
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and the change in hLF levels was compared with the change in the size of the targets polyps in these participants. B, a total of 91 target polyps from the PPS

population were histologically diagnosed. The density of PMNs in the stroma surrounding the target polyps could be determined in 88 of these polyps; this defines a

. PPS subgroup referred to as the PPS population with countable PMNSs (PCP) subgroup. The change in polyp size was compared with the density of PMNs at
' the target polyp in the PCP subgroup. C, PMN counts at the target polyps of PCP members in whom ingestion of bLF resulted in induction of serum hLF by 5 ng/mbL

or less and participants in whom ingestion of bLF resulted in induction of serum hLF by more than 5 ng/mL. Relative change in polyp size (A and B) was determined
as [(size at the end of the trial/initial size) — 1]; this method nommalizes the changes in polyp sizes, with negative values representing regressing polyps and
positive values representing growing polyps. in C, 5 ng/mL was the mean change in serum hLF levels among the participants during the course of this study
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polyps. Participants were assigned to receive placebo, 1.5-g
bLE, or 3.0-g bLF daily for 12 months. In sum, a 1-year oral
intake of 3.0 g of bLF per day induced statistically significant
retardation of colorectal adenomatous polyp size in partici-
pants 63 years old or younger.

The beneficial effect of bLF may be more prominent in
women than in men (see Table 2). However, because of the
small number of women taking part in the present study,
the retardation of polyp size in the 3.0-g bLF group versus
the placebo group, although statistically significant, is not a
reliable finding. Further studies with an increased number of
participants are warranted.

The exact mechanisms by which bLF affects colorectal
polyps in humans were not directly addressed in this clinical
trial. One possibility is that oral intake of bLF affects human

~ immunologic activities, and that this in turn retards polyp
! growth; immune modulation mediated by oral administration

of bLF has been shown in animal models (12, 22, 47, 49, 50).
Notably, at the time of writing of this article, 2 study spon-
sored by the National Cancer Institute® is recruiting partici-
pants to examine the effects of talactoferrin, a recombinant
form of hLF that has been successfully tested in phase II clin-
ical trials with patients with refractory metastatic renal cell
carcinoma (51), on the immune system and its effectiveness
in treating non-small cell lung cancer.

Intake of 3.0 g of bLF increased serum hLF levels (Fig. 1A).
Because hLF is an important component of the innate immune
system (23, 28-31), the increase in hLF levels suggests that
ingestion of bLF did affect the immune system. Importantly,
increased serum hLF correlated well with retardation of polyp
size (Fig. 3A). However, whereas ingestion of bLF induced
serum hLF levels and serum hLF levels correlated with retar-

8 Available from: hitp://ClinicalTrials.gov; identifier NCT00923741.
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= 5 ng/mL. The numbers in parentheses indicate the number of participants in the separate groups. Bars, SD.

dation of polyp size, a statistically significant association be-
tween bLF ingestion and retardation of polyp size was
obtained only in participants 63 years old or younger. Intrigu-
ingly, the ability of bLF ingestion to elevate serum hLF weak-
ened with aging (Fig. 1B and C), suggesting that the effect of
bLF on immune function may weaken with age, and this
weakening may be the reason that bLF inhibition of adenoma-
tous polyp growth seems to be age dependent.

The mechanisms by which ingested bLF exerts its effects on
the immune system are currently being studied in several lab-
oratories (see ref. 23). Possibly, ingested bLF peptides interact
with gut-associated lymphoid tissue. Several pathways have
been proposed, but the exact cell types and the receptors with
which ingested bLF interacts remain undefined.

Another consideration is that LF is an iron chelator (23), and
the bLF used in this study was approximately 10% to 20% iron
saturated. Consequently, this bLF had a high iron chelating
ability. Tumor cells, like all cells, require iron, and removal
of iron from the tumor environment results in regression of
tumor growth (52, 53). However, the ability of bLF peptides
to chelate iron after passage of the bLF-containing tablets
through the stomach and small intestine has not been deter-
mined, and due to the nature of this trial, we were unable to
measure iron levels in the target polyp environment. There-
fore, the effect, if any, of the iron chelating ability of bLF on
target polyp growth is unknown, but it is a possible factor.

LF is found in a variety of exocrine secretions (e.g., tears,
nasal exudate, saliva, bronchial mucus, gastrointestinal
fluids, bile, cervicovaginal mucus, and seminal fluid); it is
also a major component of the secondary granules of neutro-
phils and is released by activated neutrophils (see ref. 23).
Therefore, should ingested bLF cause activation of neutro-
phils, this would result in elevated serum hLF levels. Due
to the nature of this study, however, we could not directly
measure neutrophil activity in the serum samples obtained
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from the participants in the trial. Consequently, bLF-mediated
induction of serum hLF levels via activation of neutrophils
is hypothetical, and it remains a possibility that induction of
serum hLF proceeds wholly or in part by other routes.

The induction of serum hLF is most likely due to the effect
of ingested bLF on the immune system. Whether serum hLF
itself caused regression of polyp growth or was simply a con-
sequence of bLF treatment is not known, and the exact rela-
tionship between tumor growth and serum hLF levels was
not elucidated in this study. The major difficulty in determin-
ing whether serum hLF affects polyp growth is the lack of
knowledge of possible mechanisms by which serum hLF
could affect polyp growth.

NK cells are a principal effector of immunosurveillance
against tumors (54). The effect of bLF on NK cell activity in
this study was inconsistent. There was a tendency for NK cell
activity to increase in participants ingesting bLF, and the in-
creases were statistically significant in participants ingesting
1.5 g of bLF per day, but not in participants ingesting 3.0 g
of bLF. Importantly, participants with growth-retarded polyps
had higher NK cell activity than participants with growing
polyps. Therefore, whereas this study did not establish a rela-
tionship between ingestion of bLF and NK cell activity, it re-
mains a reasonable possibility that ingestion of bLF is
associated with increased NK cell activity, and that this in-
creased NK cell activity may have retarded polyp growth. A
second trial with an increased number of participants extend-
ed over a longer period of time is needed to resolve these
points.

Infiltration of PMNSs into a tumor site can enhance tumor
growth (32-35). In this study, participants with higher in-
duction of serum hLF levels had both retarded polyp
growth (Fig. 3A) and a lower density of PMNs in the stro-
ma surrounding their target polyps (Fig. 3C). In rodents,
oral administration of recombinant human LF attenuates
neutrophil migration to the intestine (36). Therefore, in
our study, bLF acting directly in the colon or possibly
through serum hLF may have inhibited PMN infiltration
into the target area.

In summary, ingestion of bLF had two significant effects:
First, it resulted in regression of polyp growth in participants
<63 years of age; second, it resulted in increased serum hLF
levels in participants <63 years of age. In addition, induction
of serum hLF was statistically associated with decreased infil-
tration of PMNS into the target area, and decreased infiltration
of PMNSs into the target area correlated with decreased polyp
growth. Finally, enhanced NK cell activity was associated with
decreased polyp growth, and there was a tendency (not con-
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sistent statistically) for NK cell activity to be enhanced in par-
ticipants ingesting bLF. Taken together, our findings suggest
that ingested bLF inhibits the growth of adenomatous colon
polyps and that this inhibition proceeds via bLF modulation
of immune system function.

Colonoscopy with clearing of neoplasms by polypectomy
significantly reduces colorectal cancer; however, colorectal
cancer incidence after clearing colonoscopy is appreciable
(55). Factors considered to be involved in colorectal cancer
that arise after clearing colonoscopy include detection fail-
ures during colonoscopy and incomplete polyp extraction
(55, 56). Agents associated with retardation of adenomas
are likely to reduce colorectal cancer risk because the cumu-
lative incidences of progression from >10-mm-diameter
polyps to cancer at 5, 10, and 20 years are reported to be
2.5%, 8%, and 24%, respectively (57), significantly higher
than those for 2- to 5-mm-diameter polyps (58). Therefore,
a supplement effective in the retardation of polyp growth
would be a clinically useful adjunct to colorectal polyp ex-
traction. Cyclooxygenase-2 inhibitors have been shown both
to decrease the incidence of sporadic colorectal polyps (38)
and to induce regression of colorectal polyps already present
(44, 45); however, these drugs can have severe adverse effects
(38, 44). Similarly, NSAIDs can be beneficial, but because of
possible severe adverse effects, the U.5. Preventive Services
Task Force recommends against their routine use to prevent
colorectal cancer in individuals at average risk (59, 60). bLF
is well tolerated in preclinical (61) and clinical research stud-
ies (16, 17), and no severe adverse effects related to bLF were
observed in the present trial. Our study suggests that daily
intake of 3.0 g of bLF could be a useful adjunct to colorectal
polyp extraction.

Disclosure of Potential Conflicts of Interest

T. Kozu, G. linuma, Y. Saito, T. Akasu, D. Saito, and T. Kakizoe report receiv-
ing funding from the Morinaga Milk Industry Co. Ltd. in accordance with the
provisions of their respective institutions; Y. Ohashi reports receiving consuit-
ancy fees from Morinaga Milk Industry. D.B. Alexander, M. ligo, and H. Tsuda
report no potential conflict of interest.

Acknowledgments

We thank Shigeru Nawano, Atsushi Otsu, Tomotaka Sobue, and Chikuma
Hamada as members of the Independent Data Monitoring Committes; Takahisa
Matsuda, Ryuzo Sekiguichi, and Kunihisa Miyakawa for their valuable contribu-
tions to this trial; and finally, Takuji Gotoda at the Endoscopic Data Adjudication
Commitiee, Tadakazu Shimoda, a pathologist, Takahiro Fuijii, an endoscopist
{until June 2003), and Morinaga Milk Industry, the sponsor. We thank Morinaga
Milk Industry for providing the bovine lactoferrin and placebo tablets.

1. Ferlay J, Autier P, Boniol M, Heanue M, Colombet
M, Boyle P. Estimates of the cancer incidence and
mortality in Europe in 2006. Ann Oncol 2007;18:
581-92.

2. Kuriki K, Tajima K. The increasing incidence of
colorectal cancer and the preventive strategy in
Japan. Asian Pac J Cancer Prev 2006;7:495-501.

3. Parkin DM, Bray F, Ferlay J, Pisani P. Global
cancer statistics, 2002. CA Cancer J Clin 2005;
55:74-108.

4, Rim SH, Seeff L, Ahmed F, King JB, Coughlin 8S.
Colorectal cancer incidence in the United States,

Cancer Prev Res 2009;2(11) November 2009

1999-2004: an updated analysis of data from the
National Program of Cancer Registries and the Sur-
veillance, Epidemiology, and End Results Program.
Cancer 2009;115:1967-76.

5. Toyoda Y, Nakayama T, lto Y, loka A, Tsukuma
H. Trends in colorectal cancer incidence by sub-
site in Osaka, Japan. Jpn J Clin Oncol 2009;39:
189-91.

6. Muto T, Bussey HJ, Morson BC. The evolution of
cancer of the colon and rectum. Cancer 1975;36:
2251-70.

7. Kim YS, Young MR, Bobe G, Coibum NH, Milner

982

JA. Bioactive food components, inflammatory
targets, and cancer prevention. Cancer Prev Res
2009;2:200-8.

8. Wirfalt E, Midthune D, Reedy J, et al. Associations
between food patterns defined by cluster analysis
and colorectal cancer incidence in the NIH-AARP
diet and health study. Eur J Clin Nutr 2009;63:
707-17.

9. Reedy J, Mitrou PN, Krebs-Smith SM, et al. index-
based dietary patterns and risk of colorectal can-
cer: the NIH-AARP Diet and Health Study. Am J
Epidemiol 2008;168:38-48.

www.aacrjournals.org



Effect of bLF on Colorectal Polyps

10. Marshall JR. Prevention of colorectal cancer:
diet, chemoprevention, and lifestyle. Gastroenterol
Clin North Am 2008;37:73-82, vi.

11. Masuda C, Wanibuchi H, Sekine K, et al. Chemo-
preventive effects of bovine lactoferrin on N-butyl-
N-{4-hydroxybutyl)nitrosamine-induced rat bladder
carcinogenesis. Jpn J Cancer Res 2000;91:582-8.

12. Sekine K, Ushida Y, Kuhara T, et al. Inhibition of
initiation and early stage development of aberrant
crypt foci and enhanced natural killer activity in
male rats administered bovine lactoferrin concomi-
tantly with azoxymethane. Cancer Lett 1997;121:
211-6.

13. Tanaka T, Kawabata K, Kohno H, et al. Chemo-
preventive effect of bovine lactoferrin on 4-nitro-
quinoline 1-oxide-induced tongue carcinogenesis
in male F344 rats. Jpn J Cancer Res 2000;91:
25-33.

14. Tsuda H, Fukamachi K, Xu J, et al. Prevention of
carcinogenesis and cancer metastasis by bovine
lactoferrin. Proc Jpn Acad Ser B 2006;82:208-15.

15. Tsuda H, Sekine K, Nakamura J, et al. Inhibition
of azoxymethane initiated colon tumor and aberrant
crypt foci development by bovine lactoferrin admin-
istration in F344 rats. Adv Exp Med Biol 1998;443:
273-84. >

16. Tanaka K, lkeda M, Nozaki A, et al. Lactoferrin

| inhibits hepatitis C virus viremia in patients with

chronic hepatitis C: a pilot study. Jpn J Cancer
Res 1999;90:367-71.

17. Ueno H, Sato T, Yamamoto S, et al. Randomized,
double-hlind, placebo-controlled trial of bovine lac-
toferrin in patients with chronic hepatitis C. Cancer
Sci 2006;97:1105-10.

18. Kudo S, Rubio CA, Teixeira CR, Kashida H,
Kogure E. Pit pattern in colorectal neoplasia: en-
doscopic magnifying view. Endoscopy 2001;33:
367-73.

19. Su MY, Ho YP, Chen PC, et al. Magnifying en-
doscopy with indigo carmine contrast for differen-
tial diagnosis of neoplastic and nonneoplastic
colonic polyps. Dig Dis Sci 2004;49:1123~7.

20. Togashi K, Konishi F, Ishizuka T, Sato T, Senba
S, Kanazawa K. Efficacy of magnifying endoscopy
in the differential diagnosis of neoplastic and non-
neoplastic polyps of the large bowel. Dis Colon
Rectum 1999;42:1602-8.

21. Hofstad B, Vatn MH, Andersen SN, et al. Growth
of colorectal polyps: redstection and evaluation of
unresected polyps for a period of three years. Gut
1996;39:449-56.

22, ligo M, Alexander DB, Long N, et al. Anticarci-
nogenesis pathways activated by bovine lactofer-
rin in the murine small intestine. Biochimie 2009;
91:86-101.

23. Legrand D, Pierce A, Elass E, Carpentier M,

} Mariller C, Mazurier J. Lactoferrin structure and
functions. Adv Exp Med Biol 2008;606:163-94.

24, Zimecki M, Wlaszczyk A, Wojciechowski R,
Dawiskiba J, Kruzel M. Lactoferrin reguiates the
immune responses in post-surgical patients. Arch
immunol Ther Exp (Warsz) 2001;49:325-33.

25, de la Cruz-Merino L, Grande-Pulido E, ‘Albero-
Tamarit A, Codes-Manuel de Villena ME. Cancer
and immune response; old and new evidence for
future challenges. Oncologist 2008;13:1246-54.

26. Artym J, Zimecki M, Kruzel ML. Reconstitution of
the cellular immune response by lactoferrin in
cyclophosphamide-treated mice is correlated with
renewal of T cell compartment. Immunobioiogy
2003;207:197-205.

27. Zimecki M, Spiegel K, Wlaszczyk A, Kubler A,
Kruzel ML. Lactoferrin increases the output of neu-

www.aacrjournals.org

trophil precursors and attenuates the spontansous
production of TNF-a and IL-6 by peripheral blood
cells. Arch Immunol Ther Exp (Warsz) 1999;47:
113-8.

28. Kruzel ML, Actor JK, Boldogh |, Zimecki M. Lac-
toferrin in health and disease. Postepy Hig Med
Dosw (Online) 2007;61:261~7.

29, Lonnerdal B, lyer S. Lactoferrin: molecular struc-
ture and biological function. Annu Rev Nutr 1995;
15:93-110.

30. Spadaro M, Caorsi C, Ceruti P, et al. Lactoferrin,
a major defense protein of innate immunity, is a
nove! maturation factor for human dendritic ceils.
FASER J 2008;22:2747-57.

31. Ward PP, Paz E, Conneely OM. Multifunctional
roles of lactoferrin: a critical overview. Cell Mol Life
Sci 2005;62:2540-8.

32, Queen MM, Ryan RE, Holzer RG, Keller-Peck CR,
Joreyk CL. Breast cancer cells stimulate neutro-
phils to produce oncostatin M: potential implica-
tions for tumor progression. Cancer Res 2005;65:
8896-904.

33. van den Tol MP, ten Raa S, van Grevenstein WM,
van Rossen ME, Jeekel J, van Eijck CH. The post-
surgical inflammatory response provokes enhanced
turour recurrence: a crucial role for neutrophils. Dig
Surg 2007;24:388-94.

34. Wada Y, Yoshida K, Tsutani Y, et al. Neutrophil
elastase induces cell proliferation and migration by
the release of TGF-a, PDGF and VEGF in esopha-
geal cell lines. Oncol Rep 2007;17:161-7.

35. Wislez M, Antoine M, Rabbe N, et al. Neutrophils
promote aerogenous spread of lung adenocarcino-
ma with bronchioloalveolar carcinoma features.
Clin Cancer Res 2007;13:3518-27.

36. Dial EJ, Dohrman AJ, Romero JJ, Lichtenberger
LM. Recombinant human lactoferrin prevents
NSAID-induced intestinal bleeding in rodents. J
Pharm Pharmacol 2005;57:93-9.

37. Kyzer SD, Gordon PH, Wang E. immunohisto-
chermnical analysis of statin in colorectal adenocar-
cinoma, polyps, and normal mucosa. Dis Colon
Rectum 1996;39:546-51.

38. Rostom A, Dube C, Lewin G, et al. Nonsteroidal
anti-inflammatory drugs and cyclooxygenase-2 in-
hibitors for primary prevention of colorectal cancer:
a systematic review prepared for the U.S. Preven-
tive Services Task Force. Ann Intern Med 2007;146:
376-89.

39. Kudo S, Tamura S, Nakajima T, Yamano H,
Kusaka H, Watanabe H. Diagnosis of colorectal
tumorous lesions by magnifying endoscopy. Gas-
trointest Endosc 1996;44:8-14.

40, Kudo 8, Kashida H, Tamura T, et al. Colono-
scopic diagnosis and management of nonpolypoid
early colorectal cancer. World J Surg 2000;24:
1081-90.

41. Shimoda T, Ikegami M, Fujisaki J, Matsui T,
Aizawa S, Ishikawa E. Early colorectal carcinoma
with special reference 1o its development de novo.
Cancer 1989;64:1138-46.

42, Ajioka Y, Watanabe H, Kazama S, et al. Early co-
lorectal cancer with special reference to the super-
ficial nonpolypoid type from a histopathologic point
of view. World .J Surg 2000;24:1075-80.

43. Kashida H, Kudo SE. Early colorectal cancer:
concept, diagnosis, and management. Int J Clin
Oncol 2006;11:1-8.

44, Arber N, Kuwada 8, Leshno M, Sjodah! R,
Hultcrantz R, Rex D. Sporadic adenomatous polyp
regression with exisulind is effective but toxic: a
randomised, double blind, placebo controlled,
dose-response study. Gut 2006;55:367-73.

983

45, Matsuhashi N, Nakajima A, Fukushima Y, Yazaki
Y, Oka T. Effects of sulindac on sporadic colorectal
adenomatous polyps. Gut 1997;40:344--9.

46. Nusko G, Mansmann U, Kirchner T, Hahn EG.
Risk related surveillance following colorectal poly-
pectomy. Gut 2002;51:424-8.

47.Baveye S, Elass E, Mazurier J, Spik G, Legrand D.
Lactoferrin: a multifunctional glycoprotein involved
in the modulation of the inflammatory process. Clin
Chem Lab Med 1999;37:281-6.

48, Therasse P, Arbuck SG, Eisenhauer EA, et al.
New guidelines to evaluate the response to treat-
ment in solid tumors. European Organization for
Research and Treatment of Cancer, National Can-
cer Institute of the United States, National Cancer
Institute of Canada. J Natl Cancer inst 2000;92:
205—16.

49, Wang WP, ligo M, Sato J, Sekine K, Adachi |,
Tsuda H. Activation of intestinal mucosal immunity
in tumor-bearing mice by lactoferrin. Jpn J Cancer
Res 2000;91:1022-7.

50. ligo M, Shimamura M, Matsuda E, et al. Orally
administered bovine lactoferrin induces caspase-
1 and interleukin-18 in the mouse intestinal mu-
cosa: a possible explanation for inhibition of
carcinogenesis and metastasis. Cytokine 2004;
25:36-44.

51, Jonasch E, Stadler WM, Bukowski RM, et al.
Phase 2 trial of talactoferrin in previously treated
patients with metastatic renal cell carcinoma. Can-
cer 2008;113:72-7.

52, Nie G, Chen G, Sheftel AD, Pantopoulos K,
Ponka P. In vivo tumor growth is inhibited by cyto-
solic iron deprivation caused by the expression of
mitochondrial ferritin. Blood 2006;108:2428-34.

53, Freitas 1, Boncompagni E, Vaccarone R, Fenoglio
C, Barni S, Baronzio GF. Iron accumulation in mam-
mary tumor suggests a tug of war between tumor
and host for the microelement. Anticancer Res
2007;27:3059-65.

54, Waldhauer |, Steinle A. NK cells and cancer im-
munosurveillance. Oncogene 2008;27:5932-43.

55. Levin B, Lieberman DA, McFarland B, et al.
Screening and surveillance for the early detection
of colorectal cancer and adenomatous polyps,
2008: a joint guideline from the American Cancer
Society, the U.S. Multi-Socisty Task Force on Co-
lorectal Cancer, and the American College of Radi-
ology. CA Cancer J Clin 2008;58:130-60.

586. van Rijn JC, Rsitsma JB, Stoker J, Bossuyt PM,
van Deventer SJ, Dekker E. Polyp miss rate deter-
mined by tandem colonoscopy: a systematic re-
view. Am J Gastroenterol 2006;101:343-50.

57. Stryker SJ, Wolff BG, Culp CE, Libbe SD, listrup
DM, MacCarty RL. Natural history of untreated co-
{onic polyps. Gastroenterology 1987;93:1009-13.

58. Knoernschild HE. Growth rate and malignant po-
tential of colonic polyps: early resuits. Surg Forum
1963;14:137-8.

59. U.S. Preventive Services Task Force. Routine
aspirin or nonsteroidal anti-inflammatory drugs for
the primary prevention of colorectal cancer: recom-
mendation statement. Am Fam Physician 2007;76:
109-13.

60. U.S. Preventive Services Task Force. Routine as-
pirin or nonsteroidal anti-inflammatory drugs for the
primary prevention of colorectal cancer: U.S. Pre-
ventive Services Task Farce recommendation
statement. Ann intern Med 2007;146:361-4.

61. Tamano S, Sekine K, Takase M, Yamauchi K, ligo
M, Tsuda H. Lack of chronic oral toxicity of chemo-
preventive bovine lactoferrin in F344/DuCrj rats.
Asian Pac J Cancer Prev 2008;9:313-6.

Cancer Prev Res 2009;2(11) November 2009



Surg Endosc (2010) 24:343-352
DOI 10.1007/s00464-009-0562-8

Clinical outcome of endoscopic submucosal dissection versus
endoscopic mucosal resection of large colorectal tumors

as determined by curative resection

Yutaka Saito - Masakatsu Fukuzawa * Takahisa Matsuda - Shusei Fukunaga -
Taku Sakamoto » Toshio Uraoka - Takeshi Nakajima - Hisatomo Ikehara -

Kuang-I Fu - Takao Itoi + Takahiro Fujii

Received: 28 February 2009/ Accepted: 14 May 2009/ Published online: 11 June 2009

© Springer Science+Business Media, LLC 2009

Abstract

Background and Aims'  Endoscopic submucosal dissection
(ESD) has recently been applied to the treatment of
superficial colorectal cancer, Clinical outcomes compared
with conventional endoscopic mucosal resection (EMR)
have not been determined so our aim was to compare the
effectiveness of ESD with conventional EMR for colo-
rectal tumors >20 mm.

Methods This was a retrospective case-controlled study
performed at the National Cancer Center Hospital in
Tokyo, Japan involving 373 colorectal tumors >20 mm
determined histologically to be curative resections. Data
acquisition was from a prospectively completed database,
We evaluated histology, tumor size, procedure time, en
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bloc resection rate, recurrence rate, and associated com-
plications for both the ESD and EMR groups.

Results A total of 145 colorectal tumors were treated by
ESD and another 228 were treated by EMR. ESD was
associated with a longer procedure time (108 + 71 min/29
<+ 25 min; p < 0.0001), higher en bloc resection rate (84%/
33%; p < 0.0001) and larger resected specimens (37 =+
14 mm/28 4+ 8 mm; p = 0.0006), but involved a similar
percentage of cancers (69%/66%; p = NS). There were
three (2%) recurrences in the ESD group and 33 (14%) in
the EMR group requiring additional EMR (p < 0.0001).
The perforation rate was 6.2% (9) in the ESD group and
1.3% (3) in the EMR group (p = NS) with delayed bleeding
occurring in 1.4% (2) and 3.1% (7) of the procedures (p =
NS), respectively, as all complications were effectively
treated endoscopically.

Conclusions Despite its longer procedure time and higher
perforation rate, ESD resulted in higher en bloc resection
and curative rates compared with EMR and all ESD per-
forations were successfully managed by conservative
endoscopic treatment.
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Abbreviations

B-knife  Bipolar needle knife

CO, Carbon dioxide

EMR Endoscopic mucosal resection

EPMR Endoscopic piecemeal mucosal resection
ESD Endoscopic submucosal dissection

IT knife Insulation-tipped knife

LN Lymph node

sm Submucosal

LST Laterally spreading tumor

LST-G  Laterally spreading tumor granular type
LST-NG Laterally spreading tumor nongranular type
NS Not significant

SD Standard deviation

sml Minute submucosal cancer

sm2 Submucosal deep cancer

Endoscopic mucosal resection (EMR) is indicated for the
treatment of superficial, early-stage colorectal cancer
because of its minimal invasiveness and excellent results in
terms of clinical outcomes [1-6]. However, conventional
EMR techniques [6-8] currently used for the resection of
laterally spreading tumors (L.STs) [7-10] are inadequate
for the en bloc resection of flat lesions >20 mm because of
both incomplete removal [11] and problems with local
recurrence [12]. The endoscopic submucosal dissection
(ESD) technique, which facilitates en bloc resection of

early gastric cancer [11, 13-17], has recently been reported

to be useful in the treatment of superficial colorectal tumors
[18-28]. Previously, we reported on the effectiveness and

Fig. 1 Flow chart showing the
patients in this study

safety of ESD for colorectal tumors using a bipolar needle
knife (B-knife) (XEMEX Co., Tokyo, Japan) and an
insulation-tipped knife (IT knife) (Olympus Optical Co.,
Ltd., Tokyo, Japan), neither of which produces any coag-
ulation effect at the needle tip [20, 21, 24]. The effec-
tiveness and long-term clinical outcome of ESD compared
with conventional EMR is unclear, however, so the purpose
of this study was to demonstrate the comparative effec-
tiveness of ESD with conventional EMR for colorectal
tumors >20 mm

Materials and methods

Originally, 553 large (>20 mm) colorectal tumors were
resected endoscopically between January 2003 and
December 2006 at the National Cancer Center Hospital
(NCCH) in Tokyo with data acquisition from a prospec-
tively completed database. Twenty-nine lesions that
required surgery after endoscopic treatment because of
noncurative resections and 151 lesions treated by conven-
tional EMR for which follow-up colonoscopy examinations
could not be carried out or ascertained at NCCH were
excluded, leaving a final total of 373 large colorectal
tumors that were included in this retrospective case-con-
trolled study (Fig. 1). All ESD and EMR procedures were
conducted by experienced colonoscopists (three staff doc-
tors and two senior residents), each of whom had per-
formed more than 1,000 colonoscopies annually.

" The histology, tumor size, procedure time, en bloc
resection rate, recurrence rate, and associated complica-
tions were evaluated for both an ESD group and a con-
ventional EMR group. We defined an en bloc resection as a
one-piece resection of the entire lesion as observed endo-
scopically. In assessing for a local recurrence or the pres-
ence of a residual tumor, we repeated colonoscopy

Total of 5563 large colorectal
tumors (2 20mm)were
resected endoscopically

29 lesions requiring surgery after
endoscopic treatmentbecause of
non-curative resectionsand 151
conventional EMR lesions forwhich b
follow-up colonoscopy examinations
couldnotbe carried out or
ascertained atNCCHwere excluded

145lesions were treated by ESD

228 lesions were treated by conventional EMR
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examinations at intervals of 6 months. The procedure time
was measured from the injection of a submucosal (sm)
injection solution into the sm layer to removal of the
colonoscope after the resection of a tumor.

Indication criteria for EMR and ESD

The existence of a noninvasive pattern [10, 24, 29-31] as
determined by magnification chromoendoscopy was the
minimum requirement for all lesions that were candidates
for ESD and EMR, When a lesion was detected by con-
ventional endoscopic examination, surface mucous was
washed away with lukewarm water that contained pronase
(Pronase MS; Kaken Pharmaceutical Co., Ltd., Tokyo,
Japan) and then 0.4% indigo-carmine dye was sprayed over
the lesion to enhance its surface detail. High-magnification
colonoscopes (CF-240ZI, PCF-240Z1 and H260AZI;
Olympus Optical Co., Ltd.) were used to evaluate the
surface character to differentiate an invasive pattern from a
noninvasive pattern. The invasive pattern is characterized
by irregular and distorted epithelial crests observed in a
demarcated area suggesting that sm invasion is >1,000 pm
while a noninvasive pattern does not have this finding
which suggests intramucosal neoplasia or sm invasion
<1,000 pm. When high-magnification observation with
indigo-carmine dye was insufficient to determine the sur-
face structure, we performed staining with 0.05% crystal
violet. Based on extensive clinicopathological analyses
[10], we defined the indications for ESD [24] as an LST
nongranular (LST-NG)-type lesion >20 mm and an LST
granular (LST-G)-type lesion >40 mm because they both
had a higher sm invasion rate and were difficuit to treat
even by endoscopic piecemeal mucosal resection (EPMR)
[71. Some colonoscopists chose to perform EPMR [7] to
treat LST-G lesions measuring between 20 and 40 mm
with the final decision based on each individual colono-
scopist’s judgment. Large villous tumors as well as intra-
mucosal lesions, recurrent lesions, and residual

intramucosal lesions showing nonlifting sign after EMR
were also potential candidates for ESD with the final
decision once again made by each colonoscopist (Table 1).

Endoscopic operating systems

ESD and EMR procedures were performed using Olympus
PCF-Q240ZI, CF-Q240ZI, and CF-H260AZI video
endoscopes.

Bowel preparation

Bowel preparation consisted of a patient drinking 2-3 L of
polyethylene glycol (PEG) solution in the morning before
the procedure. In an effort to further ensure excellent bowel
preparation, stool color was assessed before each colon-
oscopy by a trained nurse and additional PEG solution was
used when necessary.

ESD procedures

The procedures were primarily performed using a B-knife
[20] or an IT knife with carbon dioxide (CO,) insufflation
instead of air insufflation to reduce patient discomfort [21].
Lesion margins were delineated before ESD using 0.4%
indigo-carmine dye spraying (Fig. 2A, B). Following
injection of Glyceol® (Chugai Pharmaceutical Co., Tokyo,
Japan) (10% glycerol and 5% fructose in normal saline
solution) [32] and sodium hyaluronate acid into the sm
layer [33], a circumferential incision was made using the
B-knife and an ESD was then carried out using both the B-
knife and IT knife (Fig. 2C-F).

Conventional EMR procedures
Conventional EMR procedures were performed using the

inject and cut technique with a single-channel colonoscope
(PCF-Q240ZI, CF-Q240ZI or CF-H260AZI; Olympus) and

Table 1 Indication criteria for endoscopic submucosal dissection (ESD)/endoscopic mucosal resection (EMR)

Minimum requirement

A noninvasive pattern as determined by magnification chromoendoscopy was required for all lesions that were candidates for ESD and EMR

Definite indication for ESD
LST-NG lesion >20 mm
Relative indication for ESD
LST-G lesion >40 mm

Large villous tumor, intramucosal lesion, recurrent lesion or residual intramucosal lesion showing nonlifting sign after EMR

Definite indication for EMR/EPMR
Any lesion <20 mm
LST-G lesion >20 mm and <40 mm

EMR endoscopic mucosal resection; EPMR endoscopic piecemeal mucosal resection; ESD endoscopic submucosal dissection; LST-G laterally
spreading tumor granular type; LST-NG laterally spreading tumor nongranular type
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Fig. 2 Endoscopic submucosal dissection (ESD) procedures, primar-
ily performed using a bipolar needle knife (B-knife) and an
insulation-tipped knife (IT knife) with carbon dioxide (CO,) insuf-
flation. A Fifty-millimeter laterally spreading tumor nongranular
(LST-NG)-type lesion located in the transverse colon. Lesion margins
were delineated before ESD using 0.4% indigo-carmine dye spraying.
B Magnified colonoscopy revealed a noninvasive pattern so the
estimated depth of this LST-NG lesion was intramucosal despite its

snare (10-mm or 25-mm snare master or 20-mm spiral
snare; Olympus) as described in previous reports [1-3, 6,
7]. Glyceol® [32] was injected into the sm layer of the
lesion with a 23-gauge needle and the lifted lesion was then
resected using the snare.

In this study, we distinguished an EMR from an EPMR
according to the number of resected pieces as either single
or multiple, respectively. An LST-G >20 mm and
<40 mm can usually be treated by EPMR rather than ESD
with the area including the large nodule resected first fol-
lowed by the remaining tumor (Fig. 3A-C). After EMR
and EPMR, we confirmed whether or not there was any
residual tumor using chromomagnification colonoscopy
and performed a hot biopsy as necessary for ablative
purposes.

Tumor size was estimated by measuring the resected
specimen after retrieval for en bloc resected specimens and
by comparing the endoscopic observation with the snare
size for piecemeal resected specimens.

Sedation

Midazolam (2 mg/iv) and pentazocin (15 mg/iv) were
administered during all ESD procedures. An additional

@ Springer

large size. C Following injection of Glycerol® (10% glycerol and 5%
fructose in normal saline solution) and sodium hyaluronate acid
solution into the submucosal layer, a circumferential incision was
made using the B-knife. D An ESD was then carried out using both
the B-knife and IT knife. E The ulcer bed is shown here after the
successful en bloc resection. F The resected specimen was 65 x
50 mm in diameter and histology revealed an intramucosal cancer
with a tumor-free margin

2 mg midazolam was given as necessary whenever indi-
cated based on the judgment of the colonoscopist. In
conventional EMR procedures, midazolam (2 mg iv) was
administered to selected patients as determined by the
colonoscopist, but only when a patient complained of pain
or abdominal distension.

Histological assessment

All specimens were evaluated after being cut into 2-mm
slices and examined microscopically for histological type,
depth of invasion, lateral resection margin, and vertical
resection margin. Resections were considered tumor free
when the lateral and vertical margins of a specimen were
both negative for tumor cells independent of its histological
features.

A curative resection was achieved when both the lateral
and vertical margins of the specimen were free of cancer
and there was no sm invasion deeper than 1,000 pm from
the muscularis mucosae (sml), lymphatic invasion, vas-
cular involvement or poorly differentiated component [34].
An adenoma with an unknown lateral margin was also
considered to be a curative resection provided that such
adenoma met all the other criteria. Histological diagnoses
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Fig. 3 Conventional endoscopic mucosal resection (EMR) proce-
dures. Conventional EMRs were usually performed using an inject
and cut technique with a single-channel colonoscope and snare.
Glycerol® was injected into the submucosa of the lesion with a 23-
gauge needle and then the lifted lesion was resected using a round
snare. A A 35-mm laterally spreading tumor granular (LST-G)-type

were based on the Japanese classification of cancer of the
colon and rectum [35] and the Vienna classification [36].

Follow-up endoscopic care

In assessing for local recurrence or the presence of a
residual tumor, we usually repeated colonoscopic exam-
inations at intervals of 6 months for ESD patients because
the technique was still relatively new and indicated for
large colorectal lesions that had previously been treated
surgically. In most cases, we repeated colonoscopic
examinations at intervals of 6 months for EPMRs and at
12-month intervals for EMRs with en bloc resections
because of an expected lower risk of recurrence [37] with
such examinations performed either by the endoscopy staff
at NCCH or the patient’s previous hospital.

All ESD and EMR patients with sm1 invasion were
followed up regularly with annual computed tomography
and endoscopic ultrasonography examinations for the
detection of lymph-node metastasis. Complete endoscopic
follow-up care was available for all 145 lesions in the ESD
group and all 228 lesions in the EMR group. Indigo-car-
mine dye was sprayed on previously resected areas and
high-magnification views were obtained in all cases.
Recurrent neoplastic disease was identified as type IIIs,
L, IV or V pit pattern according to the criteria established
by Kudo and Fujii [6, 9, 10, 30-32, 38—41].

Statistical analysis

All variables in this study are described as mean =+ stan-
dard deviation (SD). In comparing baseline characteristics
between the two groups, we used a f-test for continuous
variables and a chi-square test for dichotomous variables.
All statistical analyses were performed using SAS version
8.0 (SAS Institute Inc., Cary, NC). The p values are two-

lesion located in the rectum. B An LST-G between 20 and 40 mm can
be treated by endoscopic piecemeal mucosal resection (EPMR) rather
than ESD with the area including the large nodule resected first
followed by the remaining tumor. C The ulcer bed after a three-piece
resection

sided and p < 0.05 was used to determine statistical
significance.

Ethics

The ethics committee at NCCH approved the study pro-
tocol and informed written consent was obtained from all
patients in the ESD and EMR groups for each specific
colonoscopic treatment and all scheduled follow-up
colonoscopy examinations.

Results

During the study period, 145 lesions were treated with ESD
and 228 were treated with conventional EMR (Fig. 1). All
373 lesions were eligible for outcome analysis. Clinical
characteristics of the patients in the two groups are pre-
sented in Table 2. There were no differences between the
two groups in terms of age, gender, endoscopic follow-up
frequency or follow-up periods (Tables 2 and 3).

En-bloc resection rates

In the ESD group, 122 out of 145 lesions (84%) were
completely resected en bloc compared with only 74 of 228
lesions (33%) in the EMR group (p < 0.0001), although
tumor size was significantly larger in the ESD group (p <
0.0001) (Table 3).

Endoscopic characteristics of resected specimens
Regarding macroscopic type, 50% of the EMR group
lesions were LST-Gs and 49% of the ESD group lesions

were LST-NGs. There were no differences between the two
groups in terms of tumor location. The percentage of
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Table 2 Clinical characteristics of patients

EMR/EPMR ESD p-Value

Number of lesions 228 (74/154) 145
Pathology 77/151 45/100 NS
(Adenoma/M-SM1; %) (34%/66%) (31%/69%) NS
Macroscopic type 80/114/34/0 5/63/71/6
(s/LST-G/LST-NG/recurrence®) (35%/50%/15%/0) (3%/43%/49%/4%) <0.0001
Location (Rt/Lt/rectum) 89/52/110 44/28/73
Tumor size (mean * SD) 28 + 8 mm 37+ 14 mm 0.0006

| (range) (20-95 mm) (20-140 mm)

| Age (mean = SD; years) 64 + 4 64 £ 11 NS

* Recurrence included local recurrence after EMR and residual tumor after incomplete en bloc resection

EMR endoscopic mucosal resection; EPMR endoscopic piecemeal mucosal resection; ESD endoscopic submucosal dissection; M intramucosal;
SM submucosal; LST-G laterally spreading tumor granular type; LST-NG laterally spreading tumor nongranular type; Rt right colon; Lt left colon;
SD standard deviation; NS not significant

Table 3 Clinical outcomes

EMR/EPMR ESD p-Value

Number of lesions 228 (74/154) 145
Endoscopic follow-up times (mean & SD; number) 24+ 16 20+ 1.1 NS
(range) (1-8) (1-5)
Endoscopic follow-up periods (mean = SD; months) 26 £ 17 20+ 13 NS
(range) (6-68) 6-61)
En bloc resection (%) 74 (33%) 122 (84%) <0.0001
Recurrence rate (%) 33 (14%) 3 (2%) <0.0001
" En bloc/piecemeal recurrences 2/31 0/3
Complications

Perforation 3 (1.3%) 9 (6.2%) NS

Delayed bleeding 7 (3.1%) 2 (1.4%) NS
Procedure time (mean £ SD; min) 29 4+ 25 108 + 7 <0.0001
(range) (3-120) (15-360)

EMR endoscopic mucosal resection; EPMR endoscopic piecemeal mucosal resection; ESD endoscopic submucosal dissection; SD standard
deviation; NS not significant

in the EMR group involved 2/74 (2.7%) en bloc resections
and 31/174 (17.8%) piecemeal resections (Table 3).
Twenty-six of the 33 EMR recurrent cases were success-
fully treated by one additional EMR with the other seven
cases needing two sessions of repeat EMR. Two EPMRs

carcinomas was 69% in the ESD group and 66% in the
EMR group (p = NS) (Tables 2 and 3).

Local recurrences rates

There were only three cases (2.1%) of local recurrence in
the ESD group during a mean endoscopic follow-up period
of 20.0 £ 12.9 months (range 6-61 months). In compari-
son, local recurrence occurred in 14.5% (33/228) of the
lesions in the EMR group during a mean endoscopic fol-
low-up period of 25.9 + 17.0 months (6-68 months), All
three recurrences in the ESD group had previously been
resected on a piecemeal basis and each recurrence required
one additional EMR. Each of these recurrences was diag-
nosed histologically as a tubular adenoma and curative
resections were achieved for all three. The 33 recurrences
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required surgery because of invasive recurrence (Fig. 4A—
F) while a third piecemeal resection also required surgery
because of technical difficulty in performing another
EMR despite the intramucosal nature of that particular
recurrence.

Duration of recurrence detection
Mean duration of recurrence detection was 6 months

(2-18 months) in the EMR group and 6 months (4—
6 months) in the ESD group (Table 3).
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Fig. 4 A This case originally involved a large LST-G lesion >3/4 in
circumference. B Magnified colonoscopy using 0.05% crystal violet
staining revealed a noninvasive pattern on the large nodule. C An
EPMR consisting of more than ten pieces finally resected the entire
lesion. Histology revealed an intramucosal carcinoma without any
evidence of lymphovascular invasion or a poorly differentiated

Early and late complications

Perforations occurred in 9 out of 145 patients (6.2%) in the
ESD group, which was higher compared with the perfo-
ration rate of 1.3% (3/228) in the EMR group (p = NS).
None of the 12 perforations was delayed and all of them
were successfully treated endoscopically using endoclips
and managed conservatively.

Minor delayed bleeding occurred in two patients (1.4%)
in the ESD group and seven (3.1%) patients in the EMR
group (p = NS), but all nine cases were successfully
managed conservatively using endoclips with no blood
transfusions or additional procedures necessary (Table 3).

Procedure times

The procedure time for ESDs was 108 £ 71 min (15-
360 min) compared with 29 £ 25 min (3-120 min) for
EMRs, resulting in a significantly shorter procedure time
for the EMR group (p < 0.0001) (Table 3).

Discussion
This study is, to the best of our knowledge, the first to

compare clinical outcomes for colorectal ESD with EMR/
EPMR including mid-term follow-up.

component so we followed this patient closely without surgery. D The
third follow-up colonoscopy after 18 months revealed no recurrence.
E A fourth follow-up was performed 1 year later, at which time a
submucosal tumor-like recurrence was found 1 cm from the original
EPMR scar. F Surgery was performed on this lesion and histology
revealed the recurrence of an invasive cancer

For many years, conventional EMR and surgery were
the only available treatments for large colorectal tumors,
even those detected at an early stage. Conventional EMRs
usually resulted in EPMRs particularly for large LSTs
>20 mm with reports of local recurrence rates ranging
from 7.4% to 17% [8, 12, 32]. Most of those recurrences,
however, received repeated endoscopic treatment with
excellent results regarding preservation of the colorectum
[32].

In our series, the introduction of ESD enabled us to
effectively treat large colorectal tumors that were LST-
NGs and carcinomas, resulting in higher en bloc resection
and curability rates compared with conventional EMR.
EPMR also was effective in treating many LST-Gs
>20 mm, with only three cases requiring surgery after such
piecemeal resections, including two invasive recurrences
cases. Those two cases were originally diagnosed histo-
logically as intramucosal carcinomas without lymphatic or
vascular invasion, but both recurrences consisted of inva-
sive carcinomas. We suspect that each case may have
originally involved either sm invasion or lymphatic inva-
sion that was not diagnosed histologically because of the
increased difficulty in assessing a piecemeal resection.
Based on our results, therefore, EPMRs must be performed
carefully and close follow-up is required in the event that
additional treatment becomes necessary because accurate
histological evaluation can be difficult or impossible in
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such cases. As an alternative, greater consideration should
be given to either ESD or laparoscopic surgery rather than
EPMR.

Conventional EMRs in this study had an overall local
recurrence rate that was similar to in previous reports [12,
33], as en bloc resection cases resulted in a low recurrence
rate of 3%, but piecemeal resections had a considerably
higher recurrence rate of 20%. In contrast, ESDs resulted in
a significantly higher en bloc resection rate and, conse-
quently, a significantly lower recurrence rate. In those
ESDs in which en bloc resections were not achieved,
however, the local recurrence rate was approximately 13%,
which was much closer to the local recurrence rate for
EPMRs. According to our findings, EPMR resulted in a
higher recurrence rate compared with ESD, although
EPMR produced results similar to those of ESD in relation
to preservation of the colorectum.

In this study, we conducted follow-up examinations on
patients 6 month after EPMRs and 1 year after EMR en
bloc resections, regardless of the lateral margin findings.
This was based on our preliminary data [33] indicating that
EPMR recurrences were more frequent compared with
EMR en bloc resection recurrences and most such EPMR
recurrences occurred within 6 months. This current study
once again confirmed that most EPMR recurrences were
detected after the first 6 months, so such recurrences could
continue to be successfully treated endoscopically, sup-
porting the propriety of our follow-up program after EPMR.

As for complications, the perforation rate in the ESD
group was 6.2%, which was considerably higher than the
1.3% perforation rate in the EMR group, although there
was no statistical difference between the two groups. In
other reported series, the perforation rates for colorectal
ESDs [8, 27, 28] and EMRs [42] ranged from 1.4% (1/71)
to 5.5% (11/200) and 0.31% to 0.93%, respectively, which
were similar to our results. The target lesions for ESD in
this study, however, were large LSTs that would have been
treated by surgery in the past because of the technical
difficulty [43]. In fact, the mean tumor size was signifi-
cantly larger in the ESD group compared with the EMR
group so conventional EMRs performed on such lesions
undoubtedly would have resulted in a higher complication
rate for the EMR group.

All perforation cases were successfully treated conser-
vatively without surgery by endoscopic clipping. As a
result, the perforation rate of 6.2% in the ESD group was
considered to be acceptable, although further instrument
improvements and technique refinements will both be
necessary to reduce the perforation rate. The delayed
bleeding rate was relatively low in both groups, but par-
ticularly in the ESD group, probably because small vessels
were coagulated during the ESD procedure.
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Considering the additional procedure time and increased
cost of ESD devices, it would be difficult to standardize the
colorectal ESD procedure on a widespread basis at the
present time. We currently select lesions with more serious
indications for colorectal ESD that would otherwise be
treated surgically. Such ESD patients usually are dis-
charged from the hospital sooner than if surgery had been
performed, resulting in reduced medical costs.

Finally, the long-term efficacy of colorectal ESD needs
to be established by evaluating an extended follow-up
period, although ESD certainly appears to be a feasible
alternative to conventional EMR, particularly for certain
kinds of colorectal cancers. -This study was not a random-
ized controlled trial, however, and eligibility criteria for the
two endoscopy procedures were sometimes unclear for
different kinds of lesions. It will be necessary, therefore, to
prospectively assess the clinical outcome comparison
between ESD and EMR for large colorectal tumors in the
future. Another limitation of this study that may have been
a source of bias was the exclusion of 40% of the total
EMR/EPMR cases from our analysis because follow-up
colonoscopy examinations were not carried out at NCCH
or could not be ascertained by us.

In conclusion, ESD was selected more often for treating
large colorectal tumors because it provided higher en bloc
resection and curability rates compared with EMR despite
the longer procedure time and higher perforation rate
associated with ESD. All ESD perforations, however,
could be successfully managed by conservative endoscopic
treatment. EMR effectively treated many large colorectal
tumors, and only three cases required surgery after EPMRs;
such procedures should be carefully performed because it
can be more difficult and occasionally impossible to make
an accurate histological evaluation, meaning that close
follow-up is required in the event that additional treatment
is necessary in such cases.
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CURRENT STATUS AND FUTURE PERSPECTIVE OF ENDOSCOPIC
TREATMENT FOR COLORECTAL NEOPLASIA

ENDOSCOPIC SUBMUCOSAL DISSECTION (ESD)
FOR COLORECTAL TUMORS

YuTaka Satto, TAKU SAKAMOTO, SHUSEI FUKUNAGA, TAKESHI NAKAJIMA, SHINSUKE KURIYAMA AND
TAarAHISA MATSUDA

National Cancer Center Hospital, Endoscopy Division, Tokyo, Jupan

Background: Endoscopic submucosal dissection (ESD) is accepted as a minimally invasive treatment for early gastric
cancer, however, it is not widely used in the colorectum because of its technical difficulty.

Objective: To determine the feasibility of using ESD for treating large superficial colorectal tumors.

Patients: A total of 400 consecutive palients were treated by ESD for 405 lesions at National Cancer Center Hospital,
Tokyo, Japan.

Interventions: Endoscopic submucosal dissection procedures were performed using a bipolar needle knife (B-knife) or an
insulation-tip knife (IT knife).

Results: The en-bloc resection rate was 87% and the curative resection rate was 86% among the 405 ESDs: 101 involved
tubular adenomas, 255 intramucosal cancers and minute submucosal cancers, 46 submucosal deep cancers and 3 others
(MALT and carcinoid tumors). The median operation time was 90 minutes and the mean size of resecled specimens was
40 mm (range: 1S mm-150 mm). Perforations occurred in 14 (3.5%) cases and postoperative bleeding in four (1%) cases, but

only one perforation case needed emergency surgery because endoscopic clipping was ineffective.

Limitations: Conducted at single center.

Conclusions: Endoscopic submucosal dissection is a feasible technique for treating large superficial colorectal tumors
because il provides a higher en-bloc resection rate and is less invasive than surgical resection.

Key words: colorectun, endoscopic mucosal resection (EMR), endoscopic submucosal dissection (ESD), laterally
spreading tumor granular type (LST-G), laterally spreading tumor non-granular type (LST-NG).

INTRODUCTION

Endoscopic mucosal resection (EMR) is indicated for the
treatment of adenoma and intramucosal or submucosal
superficial (sml: less than 1000 um from the muscularis
mucosae) colorectal cancer because of its minimal invasive-
mess, negligible risk of lymph-node (LN) metastasis’ and
excellent results in terms of clinical outcome.™ Conventional
EMR techniques, such as strip biopsy. currently used for the
resection of laterally spreading tumors (LSTs) ¢ are inad-
equate for the en-bloc resection of fiat lesions >20 mm
because incomplete removal and local recurrence are occa-
sionally observed after conventional EMR.™ In order to
completely remove large gastric lesions en bloc, we have
developed an insulation-tip (IT) electrosurgical knife, origi-
nally reported by Hosokawa and Ono.” and obtained good
results using it

Endoscopic submucosal dissection (ESD) for colorectal
cancer'' is not widely accepted, however, because of its
technical difficulty and the risk of perforation. In addition,
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endoscopic piecemeal mucosal resection (EPMR) can treat
many LSTs>20mm and only a few cases require surgery
after such piecemeal resection.®

It is important, therefore, to investigate which lesions
should be resected en bloc and which lesions can be resected
piecemeal.

CLINICOPATHOLOGICAL FEATURES OF
LATERALLY SPREADING TUMORS

Based upon clinicopathological analyses of LSTs,"* LST non-
granular type (LST-NG) has a higher rate of submucosal
(sm) invasion and diagnosis of tumor depth is more difficult
to make endoscopically compared to LST granular type
(1.ST-G) (Tables 1.2). Histologically, 27% of sm invasions are
multi-focal in LST-NGs and such invasions are difficult to
predict before treatment. In contrast, LST-Gs have a lower
rate of sm invasion and most such invasions are found under
the largest nodule (Fig. 1).7

INDICATIONS FOR COLORECTAL ESD

We have defined the indications for colorectal ESD, there-
fore. as LST-NG > 20 mm at National Cancer Center Hospi-
tal, Tokyo, Japan (NCCH). An LST-G > 20 mm can be treated
by planning EPMR rather than ESD with the area including
the largest nodule resected first followed by the remaming
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Table 1. Relationship between size of laterally spreading tumors (LSTs) and rate of submucosal (sm) invasion

10 mm-— 20 mm- 30 mm-— 40 mm-— Total

0/87 0/51 1/17 0/6 1/161
(0%) (0%) (6%) (0%) (0.6%)

1S+IIa (LST-G) 3/56 6/46 2/34 8/40 19/176
(5%) (13%) (6%) (20%) (11%)

IIa (LST-NG) 11/193 16/56 7116 3/6 37/271
(6%) (29%) (44%) (50%) (14%)

LST-G, latcrally spreading tumor-granular; LST-NG, laterally spreading tumor-non granular

1999.1-2004.3: National Cancer Center Hospital.

Table 2. Pit pattern diagnosis for laterally spreading tumors (LSTs)

LST-G

Non-Inv. pattern

Adenoma-m-sm1*

275
a

Specificity 98.9%

Adenoma-m-sml*

sm2,3
4 98.6% (275/279)
5 62.5% (5/8)

Sensitivity 55.6%

99.0% (203/205)

Inv. pattern

Non-Inv. pattern 203

224 Specificity 99.0%

17 89.5% (17/19)
Sensitivity 89.5%

LST-G, latcrally spreading tumor-granular; LST-NG, laterally spreading tumor-non granular

#sm1: <1000 pm from muscularis mucosae. 1999.1-2003.12 NCCH.

tumor (Fig. 2A,B). However, LST-G > 40 mm are also good
candidates for ESD because they have higher sm invasion
rates and are difficult to treat even by EPMR.

Recently, similar detailed indications for colorectal ESD
have been proposed by Working Group for Standardisation
of Colorectal ESD.

DEVELOPMENT OF COLORECTAL
ENDOSCOPIC SUBMUCOSAL DISSECTION

The colon mucosa is very thin and the lumen is too narrow to
handle the scope freely, so some device is necessary to make
the ESD in the colorectum easier and safer.
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