Genomic characterization of multiple clinical phenotypes of cancer using multivariate linear regression models

{1,3,1x3}, {2,3,2x3}, {1,2,3}, {1,2,3,1x2,1x3,2x3} and
{1,2,3,1x2,1x3,2x3, 1 x2x3}. For the conventional method,
we employed only the overall F-test for the full model,
{1,2,3,1x2,1x3,2x3,1x2x3}, for gene selection. For
each procedure, we control the FWER. A null distribution of
the maximum of statistic (the maximum R}, for the
proposed method and the F-statistic for the conventional
method) was obtained from 500 permutations, which was
referred to the observed value of statistic to obtain an adjusted
P-value. For each of a selected set of regression coefficients,
Table 1 summarizes empirical power for the informative gene
obtained from 500 simulations at the significance level of 10%
for the adjusted P-value. We first confirmed that the empirical
FWER was almost equal to the nominal level (data not shown).
The empirical power of the proposed method can be
substantially greater than that of the conventional method
when models other than the full model are correct for
the informative gene. The conventional method outperformed
the proposed method when the full model is correct for the
informative gene. Although this could be explained by error in
model selection, the power loss was relatively small in our
simulation setting.

3.1 The bladder cancer example

Tumour-biopsy tissues were collected at diagnosis from
48 patients with bladder transitional cell carcinomas at the
Department of Urology, Kyoto University Graduate School of
Medicine between 1990 and 2003. Patients were selected on the
basis of availability of tumour-biopsy samples, without regard
to clinical information. Microarray experiments were per-
formed for frozen tissues using a c¢cDNA array that
contains printings of approximately 30000 oligonucleotides
fabricated by Pacific Edge Biotechnology Limited in New
Zealand. In each hybridization, fluorescent cDNA targets were
prepared from a tumour mRNA sample and a reference mRNA
sample contracted from a pool of cell lines of different cancers.
Two replicated arrays made from the same sample of RNA
(technical replicates) without reverse labelling or dye swap were
averaged to improve precision of the estimate of the expression
profile for a given RNA sample. After image analysis and spot
filtering, the data were normalized by a locally weighted linear
regression method. We excluded genes that had low variance of
log ratio expressions across samples, because the observed

variability for genes with low variance is more likely to be
due to measurement noise than actual biological variability
(e.g. Simon et al., 2004). We selected six thousands genes with
variance in the top 20th percentile.

As clinical phenotypes, cancer stage and grade from
pathological reports were confirmed by a pathologist.
We classified stage into two categories with distinct treatment
modalities, superficial (= pT1) and invasive tumours (>pT1), to
understand the underlying biological difference related to
therapeutics. Generally, superficial tumours are treated with
transurethral surgery or intravesical instillation therapy,
while invasive tumours are treated with radical cystectomy or
systemic chemotherapy. Of 48 patients, we had 31 superficial
and 17 invasive patients. We also classified grade into two
categories, low grade (grade 1 or 2) and more malignant,
high grade (grade 3). Of the 31 superficial tumours, 25 and
6 were low and high grade, respectively. Of the 17 invasive
tumours, 5 and 12 were low and high grade, respectively.

Although several authors have been interested in genes
differentially expressed between stage classes (e.g. Sanchez-
Carbayo et al., 2003; Modlich et al., 2004), it would seem more
likely that multiple factors are related to gene expression
simultaneously. We assumed a multivariate linear regression
model for each gene. For a single gene, let Y; be the log-ratio of
gene expression measurement for patient i (i=1,...,48). Let
stage; be a binary variable that takes 1 if the stage of patient iis
invasive and zero otherwise. Let grade; be a binary variable that
takes 1 if the grade of patient i is high and zero otherwise.
We also consider an interaction term of stage and grade,
stage;x grade;. For log-transformed intensity ratios, we assume
the following four candidate linear models for differential
expression,

M1: u; = By + Bi(stage;)

M2: u; = By + Bi(grade;)

M3: u; = By + Bi(stage;) + Ba(grade;)

M4: 1, = Bo + Bi(stage)) + Ba(grade;) + Bx(stage; x grade;)
where p;=E(Y)) is the expected value or the mean value of the
log-ratio for patient i and By, Bi, B> and B; are regression
coefficients. The model M1 was to detect genes just related to

stage like in previous studies. For simultaneous relation with
stage and grade, M3 and M4 were assumed. Note that M4 is a

Table 1. Empirical power (%) and its standard error in parenthesis of the proposed method and the conventional method for each of a selected set of

regression coefficients in differential model

Model for informative gene Regression coefficients

Proposed method Conventional method

(B1s Bz B3 Bizs Biss B2z, Bi23)

{1} (2,0,0,0,0,0,0)
{1.2} (1,1,0,0,0,0,0)
{1,2, 1x2} (-2,-2,0,2,0,0,0)

{1,2,3}
{1, 2,3, 1x2, 1x3, 2x3, 1x2x3}

(1,1,1,0,0,0,0)

(_2’ _zt _21 2’ 2; 2, _2)

95 (1.0) 83 (1.7)
35(2.1) 20 (1.8)
79 (1.8) 61 (2.2)
69 (2.1) 56 (2.2)
22 (1.9) 25(1.9)

The proportion of correct model sclection using the criterion based on R}, in the proposed method ranged from 60% to 80% for the first four configurations and 46%

for the fifth configuration for model {1, 2, 3, 1x2, Ix3, 2x3, 1x2x3}.
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saturated model (four regression parameters for four combina-
tions of binary classes, stage and grade). It covers any
differential patterns other than additive effects of stage and
grade. They include differential expressions between two classes
based on the combination of stage and grade. For example,
a differential expression between superficial cancer with low
grade (the best type of cancer) and the others is obtained by
introducing the constraint 8;=g=—~p8; (# 0) in M4, which
may yield a linear model with a single interaction effect and no
main effects. These differential patterns could be 1dentrﬁcd
based on the estimates of parameter coefficients for genes for
which M4 is selected as illustrated below.

Table 2 shows an estimate Qf FDR for each of several cut-off
pomté for the maximum R 24 obtained by the multivariate
permutatron procedure with 2000 permutations. We selécted
the top 100 genes, so that the FDR was around 15%. Table 3
shows classification of 100 selected genes based on selected
modéls and the sign of estimated regression coefficients in
selected model. Note that, out of the top 100 genes, the same
model was selected for 98 genes based on AIC, as expected by
the equality of the criterion on R2 , with that on AIC as noted
in Séction 2. Seventeen genes were related to only stage via
the model M1; 9 (8) had negative (positive) estimates of the
regression coefficient 8, for stage in M1. In other words, the
9 (8) genes were under-(over-) expressed for invasive cancer.
Thirteen genes were related to only grade via the model M2;
10 (3) were under-(over-) expressed for high grade cancer.
Interestmgly. the rest 70 genes were related to both stage and
grade; 39 genes via the model M3 without the interaction term
of stage and grade and 31 genes via the model M4 with the
interaction term. Of the 39 genes for which the model M3 was
selected, negative values for both B, and B, (under-expression
for invasive or high grade cancer) were suggested for 37 geneés,
while positive values for both B, and B, (over-expression for
invasive or high grade tumours) for two genes. Of the 31 genes
for which the model M4 was selécted, 15 (16) genes had
negative (positive) estimates for B, i.6. the interaction of stage

-and grade.

Figure 1 shows typical mean expression proﬁles for the
selected genes with negative (Fig. 1A and 1C) or positive
interaction (Fig. 1B and 1D). Figures 1A and 1B indicate
differential expression between invasive cancer with high grade
(the worst type) and the others, while Figures 1C and D
indicaté differential expression between superficial cancér with
low grade (the best type) and the others. In general, selected
genes for which under-expressron was linked to mofe pro-
gressed cancer, ie. invasive and/or high grade involved

Table 2. Estimates of FDR for various cut-offs for the maximuin R},

Estimate
of FDR (%)

Cut-off Number of
significant genes

Estimate of expected
number of false positives

0.10 1351 470.8 34.8

0.20 288 47.3 16.4
0.25 99 14.7 14.8

0.30 37 4.5 12.2

putative- tumour suppressor genes. A gene related to tumour
protein p53, which is a well-known tumour Suppressor, was
related to grade via the model M2 and the estimate for 8; (the
regression coefficient for grade) was negative. Glutathione
peroxidase (GPX) 2, which is a member of oxidoreductase
and the destruction of it increased the genesis of bacteria-
induced intestinal cancer (Chu et al., 2004), was related to both
stage and grade via the model M3 and the estimates for 8, and
B2 (the regression coefficient for stage and grade, respectively)
were negative. With respect to genes for which the model
M4 was selected, putative tumour suppressor genes, RNA
binding motif protein 3 (RBM3) (Sutherland et al., 2005) in
Figure 1A and CD-81 (Koenig-Hoffmann et al, 2005) in
Figure 1D were under-expressed for the worst type of cancer
(invasive and high grade) and for cancers other than the best
type (superficial and low grade), respectively.

On the other hand, selected genes for which over-expression
was linked to more progressed cancer are suggested to act like
as oncogenes. Amphiregulin in Figure 1B acts as a protease of
the extracellular matrix (ECM) with induction of extracellular
matrix métalloproteinase (MMP) -2 and -9, and the expression
level was associated with survival of bladder cancer patients
(Menashi ef al., 2003; Thogersen et al., 2001). Highly aggressive
invasive cancers are characterized by their activity of inducing
break down of cell- cell or cell- matrix adhesion, modulation
of ECM proteolysis and induction of angiogenesis. A family
of human endogenous rétroviruses (HERVs), HERV-H, in
Figure 1C was highly expressed in bladder cancer (Stauffer
et al., 2004). Amphiregulin in Figure 1B and HERV-H in
Figure 1C were over-expressed for the worst type of cancer
(invasive and high grade) and for cancers other than the best
type (superficial and low grade), respectively.

Table 3. Sign of estimated regression coefficients in the selected models
for the 100 significant genes

Stage

Mod_el Grade Interaction Number of genes Total

M1 Negative - - 9 17
Positive - - 8

M2 = Negative - 10 13
- Positive — 3

M3 Negative Negative - 37 39
Positive - 0
Positive  Negativé — 0
Positive - 2

M4 Negative Negative Negative 1 31
Positive 10
Positive  Negative 0
Positive 2
Positive  Negative Negative 7
v Positive 3
Positive  Negative 7
Positive 1

Total 100
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Fig. 1. Typical expression profiles for genes with negative or positive
interaction. Each of four plots A-D shows the mean expressions of a
gene of the 100 significant genes for the four types of cancer combined
by stage, superficial and invasive, and grade, low (dashed line) and high
(solid line). The estimates of parameters (8, B2, B3) for the model M4

are also given.

DISCUSSION

We have developed a method to select genes related to multiple
clinical phenotypes via model selection based on a set of
multivariate linear regression models. As indicated by the
simulation study, our methods with model selection based on
the doubly-adjusted R-square, R ,, can substantially improve
the power for various differential models for multiple
phenotypes, compared with the conventional method that
uses only a single model for gene selection. Also, the model
selection indicates appropriate model for each selected gene,
which may be helpful to gain insights on the relationship
between gene expression and multiple phenotypes. Hence,
our methods would be a useful tool for screening for selecting
genes with various differential models for multiple phenotypes.
In linear regression models, various types of phenotypic
variables including nominal, ordinal and continuous variables
with three or more levels can be accommodated. The R? ; can
be generally adopted for both nested and non-nested models.
Our methods are hence applicable to a wide variety of
correlative analyses of global gene expression profiles from
microarrays with multiple phenotypes. Although we have
focused on gene selection, the model! building process for
prediction, e.g. for diagnostic prediction, preferably by
generating hybrid models consisting of different kind of
models based on a set of genes, is interesting and thus subject
to future research.

Because of the large number of genes in microarray

experiments, there will always be some genes with a very
small sum of squares across samples, so that the value of an
overall test statistic will be very large whether or not their
averages are large. Tusher et al. (2001) have proposed a

regularization that avoids this difficulty. For the overall F-test
in (4), this regularization may be expressed as

(TSS— RSS)/k
RSS/(n—-k-~1)+¢

where ¢ is a fudge factor whose value is determined to
reduce the dependence of F(¢) versus ¢ (Tusher et al., 2001).
As a simple modification of our methods, we obtain a
regularized version of the doubly-adjusted R-square by
replacing the usual F-statistic with this regularized F-statistic
in (2), (3) and (5). This regularized statistic would be reasonable
for gene selection because of its one-to-one correspondence
with F(¢). However, for model selection, one may prefer the
criterion of maximizing the original doubly-adjusted R-square
to that of maximizing the regularized one because of
the equality with popular criteria based on Cp or AIC.
Hence, we first select the model for which the original
doubly-adjusted R-square .is maximized for each gene,
followed by gene selection based on the regularized doubly-
adjusted R-square for the selected model. We derived this
regularization in a heuristic way and its theoretical justification
is subject to future research. The approaches to borrow
strength across genes via hierarchical modelling (e.g. Baldi
and Long, 2001; Efron er al., 2001; Wright and Simon, 2003)
may provide a framework for this.

If clinical variables are highly correlated in a set of samples,
then the models chosen for individual genes are likely to be
highly unstable because of lack of power to discriminate
between the different effects. One should select a set of samples
to be well balanced especially when specimen banks from large
cohort studies or clinical trials are available.

Determination of the set of candidate models is an important
issue. One can assume, in principle, many candidate models,
for example, by using different categorizing or higher order
effects for phenotypic variables or by imposing constraints for
regression coefficients to reflect a particular differential pattern
such as the constraint in the model M4 described in the bladder
cancer example (see Section 3.2). However, a large set of
candidate models may suffer from error in model selection
seriously. A good strategy would be to prepare a small
number of plausible models with biologically different inter-
pretations and one very flexible model to capture other
differential patterns (such as the model M4 in the bladder
cancer example).

We illustrated the methods using the bladder cancer data.
We selected 100 genes with various patterns of differential
expression for stage and/or grade (Table 3). Different models or
differential expression patterns suggested from Table 3 have the
potential to reflect different biologic aspects in stage and grade
progressions of bladder cancer. Although some selected genes
in our analyses have already been identified and studied for
bladder cancer and other cancer, many genes were newly
identified by our analyses. These genes have the potential to
provide new insights on molecular alternation related to disease
biology and progressiveness in bladder cancer. A fraction of
these genes are now under investigation. As an initial step, we
confirmed reproducibility of differential expression for six
selected genes which were related to RNA processing and/or

H¢) =
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translation (1,3 and 2 genes for which the model M1, M3 and
M4 was selected, respectively), but have not been studied for
bladder cancer, for additional 74 samples by quantitative real
time PCR: assays (M. Ito, unpublished data).

Our methods could also indicate candidate molecular
markers for more accurate classification of cancer.
For example, genes for which the linear model, M1 or M2,
were selected could supplement traditional pathological assays
in determining stage or grade. Besides, our methods could
help in developing new approaches to cancer diagnosis
incorporating multiple diagnostic factors. For example,
genes for which the model M4 with the interaction effects of
stage and grade was selected (e.g. the four genes in Fig. 1)
could be candidate genes useful for identifying the best
(superficial and low grade) or the worst (invasive and high
grade) type of bladder cancer. In such attempts, link
with outcome or prognosis information should also be
investigated.

Conflict of Interest: none declared.
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Endoscopic submucosal dissection of recurrent or re51dual
superficial esophageal cancer after chemoradiotherapy

Yutaka Saito, MD, PhD, Hajime Takisawa, MD, Haruhisa Suzuki, MD, Kouhei Takizawa, MD, .
Chizu Yokoi MD, Satoru Nonaka, MD, Takahisa Matsuda, MD, Yukxhiro Nakamsh1 MD PhD, Ken Kato, MD

Tokyo, Japan

~ Background: Treatment of local recurrent or residual superficial esophageal Squamous cell carcinoma (SCC)
. with convennonal EMR often results in a piecemeal resection that requires further intervention. '

Obiecuve. The aim of this study was to evaluate the efﬁcacy of endoscoptc submucosal dissection (ESD).
Design: A case series.

Patients. Between January 2006 and September 2006, 4 local recurrent or residual superﬁcxal esophageal SCCs’
were treated by ESD. .,

Interventions: ESD procedures were performed by using a bipolar needle knife and an msulatton—ttpped knife.
After injection of glycerol into the submucosal (sm) layer, a circumferential incision was made, and an sm dis-
section was performed. All lesions were determined to be intramucosal or sm superficial, without lymph-node
metastasis by EUS before treatment.

Main Outcome Measurements. Tumor size, en bloc resection rate, tumor-free lateral margin rates, and com-
plications were recorded.

Results: All 4 ESD cases were successfully resected en bloc and the tumor-free lateral margin rate was 75%
(3/4) by histopathology examiration. The mean tumor size of the resected specimens was 35 mm (range,
15-50 mm). There were no comphcanons

. Limitanons: The number of ESDs in our series was limited, and there are no long-term follow-up data.

Conclusions: ESD for recurrent or residual superﬁaal esophageal tumors after chemoradiotherapy achieves
the goal of an en bloc resection, with a low rate of incomplete treatment without any greater risk than the

EMR techmque

Esophageal cancer is one of the most difficult GI can-
cers to detect at an early stage, even by endoscopy.
Recently, a narrow-band imaging endoscope was devel-
oped and was shown to be advantageous for the early
detection of squamous-cell carcinoma (SCC) in the esoph-
agus and the pharynx, although it still is not widely in
use.!? :

Some esophageal cancers have been detected as inva-
sive tumors, and surgery has been the standard treatment

Abbreviations: B-knife, bipolar needle-knife; CRT, chemoradiotherapy;
ESD, endoscopic submucosal dissection; IT-knife, insulation-tipped-
knife; NCCH, National Cancer Center Hospztal Scc, squamous-cell
carcinoma; sm, submucosal.

Copyright © 2008 by the American Society for Gastrointestinal Endoscopy
0016-5107/$32.00
doi:10.1016/j.gie.2007.10.008

for such lesions. However, higher mortality rate because
of surgery has been reported (range 2.1% to 13.7%), as
has poor patient quality-oflife after surgery>*

There is a current preference to treat esophageal SCC
by primary chemoradiotherapy (CR’I'),56 but 13% of
patients treated for esophageal SCC with CRT have a recur-
rence or a residual tumor. Surgery after CRT is unsatisfac-.
tory,”® and endoscopic treatment can be proposed when
the tumor is superﬁcxal >13 but a strip .biopsy is difficult,
because fibrosis -and piecemeal  resection frequently
occur even for small lesions. A search of the literature con-
firmed that en bloc resection by endoscopic submucosal
dissection (ESD) prov1des better results in the stom-
ach.**'7 ESD was recently reported to be useful in the
treatment of superficial esophageal SCC'®%°; however,
the feasibility and safety of ESD for local recurrent or
residual tumors is unclear. Previously, we reported on

/
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' Figure 1. The pdméw tumor before CRTwas diagnosed as a type 1 SCC,
with a circumferential intraepithelial lesion, which had been located in
the mid esophagus at a previous hospital.

the effectiveness and safety of ESD for colorectal tdmprs
by using a bipolar needle-knife (B-knife) and an insula-

tion-tipped knife (IT-knife), neither of which has any coag- -

ulation effect at the needle tip.“'“ The aim of our study
was to evaluate the efficacy and’ safety of ESD for local
recurrent or residual esophageal tumors by using a B-knife
and an IT-knife.

PATIENTS AND METHODS

~ Four patients with esophageal SCC, each of whom had,
developed a local recurrent or residual tumor (2 recurrent

tumors and 2 residual tumors) after CRT, were included in -
this study, which was conducted between January 2006

“and September 2006 at the National Cancer Center Hospi-

tal (NCCH) in Tokyo. Three of the ESD cases involved
" stage I lesions treated by CRT, and the other case was of
a stage II lesion. The 4 ESDs were performed from 217
days to 1377 days after the initial CRT.

ESDs by using a B-knife and an IT-knife were performed |

on all 4 patients, with Glyceol (Chugai, Tokyo, Japan)®
used in each case as the submucosal (sm) -injection
solution to maintain proper sm elevation. All of the local
recurrent or. residual tumors were confirmed as intramu-
cosal or.sm superficial, without lymph-node metastasis,
by EUS and a CT before treatment.

- Endoscopic operating system

ESD procedures were performed by using video endo-
scopes (GIF-Q240 or GIF-Q260; Olympus Opucal Co, Ltd,

Tokyo, Japan).

ESD procedure
A transparent disposable attachment (D -201-1074;
Olympus) was fitted onto the tip of the endoscope to

retract the sm layer and to facilitate dissection. Lesion mar-

gins were delineated before ESD by using 1.5% iodine

Figure 2. An endoscopy revealed 2 0-1IC superﬁcia] residual lesion, 40 mm
in diameter, located in the mid esophagus. After iodine staining, the lesion
became more apparent and was larger than 50% in circumference.

staining (Figs. 1 and 2). After sm injection of Glyceol,
a circumferential incision in the mucosa was made by
using a B-knife and an IT-knife.?"?* Additional Glyceol
was then injected into the sm layer to lift the lesion, and
the thickened sm layer was dissected by using an IT-knife

(Figs. 3 and 4). The B-knife was mainly used for the dissec- -

tion of fibrosis caused by CRT.?*"?¢ The operation time was:
recorded for all patients. ‘

Sedation

Midazolam (3-5 mg mtravenously) was administered
in all cases. An additional 2 mg was given as necessary,
whenever indicated, based on the individual endoscopist’s
judgment. :

Histologic assessment

All specimens were evaluated after being cut into 2-mm
slices; they were éxamined microscopically for histologic
type, depth of invasion, lateral resection margin, and.
vertical resection margin.

Follow-up care
All patients who had an ESD at the NCCH were regu-

-larly observed, with annual endoscopic and EUS examina-

tions and CTs. Complete follow-up care was available for
all 4 patients'in the ESD group.

Statistical analysis -

All variables in this study were described as mean (SD).
All statistical analyses were performed by using SAS ver-
sion 8.0 (SAS Institute Inc, Cary, NC). The P value was 2
sided, and P < .05 was used to determine statistical
significance.

Ethics
The eth1cs committee at the NCCH approved the study

protocol, and written informed. consent was obtained
from all 4 patients in the ESD group before entering the - -

study
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Figure 3. An en bloc resection was achieved without complication in 100
minutes. ’

Figure 4. The resected specimen was 50 mm in diameter, with both the
lateral and vertical margins negative by endoscopy. Both the lateral and

vertical margins were negative on histopathologic examination, and the .
depth of invasion was m2. A curative local resection was achieved in

this case.

RESULTS

During the study period, 4 patients were treated with
ESD. All 4 lesions wer¢ eligible for outcome analysis. Clin-
ical characteristics of the patients are presented in Table 1.
Each of the 4 ESD cases was successfully resected en bloc,
* with no complications. The mean (SD) ESD time was 58 £
42 minutes (range 15-100 minutes), and the mean (SD)

size of the resected. specimens was 35 £ 15 mm (range.

- 15-50 mm). On histopathologic examination, the lateral
and vertical margins were negative in 3 of 4 ESD -cases,
but the depth of invasion was sm1 in 2 of those cases,
so additional CRT was performed on those patients. A
curative local resection was achieved in the other case.
None of the patients developed local recurrence or distant
metastasis in the follow-up period. There were no imme-
diate or late complications related to ESD procedures

No. lesions ' 4

Stage beforeb CRT (stage V1) 3N
Days after CRT (median) 749 (range 217-1377) )
Residual/recurrent 2/2 »
Tumor depth (m/sm) 2/2°

~ Tumor size (mean [SD]) {mm) 35 + 15 (range 15-50)

Procedure time (mean [SD]) (min} 58 & 42
En bloc resection rate 100% (4/4)
Tumor-free lateral margin rate 75% (3/4)
-Local recurrence rate 0% (0/4)
Complication (perforation) ] (0%)_

reported. The median (SD) follow-up ‘time was 3 + 2
months (range 0-6 months) for the ESD group.

DISCUSSION

The ESD technique, by using a B-knife?*?* and an IT-
knife,”?3?* enhanced the en bloc resection rate, thereby
increasing the likelihood of curative results for local resid-
ual or recurrent tumors. In fact, ESDs with a B-knife and
an IT-knife are performed to.treat superﬁcml neoplastic

* lesions, such as gastric and colonic neoplasms, at the

NCCH.1722%4 ESD has enabled us to treat recurrent gastrxc

+ cancers after EMR. As indicated in our previous reports,*®

about 5% of such cases involved perforations, although

-virtually all-of the perforation cases were successfully

treated by means of endoscopic clipping, without the

_need for additional surgery.

" The esophagus is located in the medlastmum so the .
risks of ESD are further enhanced, and perforations

‘must be avoided. The newly developed B-knife results in

a-safer ESD, because the electric current is localized at
the needle up.21 The IT-knife 17?324 also decreases the
risk of perforation as a result of the insulated tip attached
to the end of the needle. A B-knife was mainly used for the
dissection of fibrosis caused by CRT. The combined use of
these two instruments has enabled us to safely perform
ESDs.even for local recurrence of residual tumors -after
CRT with successful results similar to our experience in

~ the. colorectum. 2324 Although the number of patients

who underwent ESD in our series was limited and the fol-
low-up periods were short, there were no cases of recur-
rence after ESD during any of the follow-up periods.
Further follow-up data are required, however, for mean-
ingful recurrence and survival analyses.

For comparison, 17 local recurrent or residual tumors

(10 recurrent tumors, 7 residual tumors) in 14 patients

treated at th‘ev NCCH between January 2005 and December

www.giejournal.org
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2005 by conventional strip biopsy (EMR) were included as
historical controls. Ten of the EMR lesions were stage I
treated by CRT, and the other 7 were stage II lesions.
The 17 EMRs were performed from 134 days to 636 days
after the initial CRT.

Analysis showed a significant difference between the 2-
treatment groups in'terms of en bloc resection rates, with .

100% (4/4) in the ESD group compared with 47% (8/17) in
- the EMR group (P =.05), despite the tumor size being sig-
nificantly larger in the ESD group. Further analysis showed
a difference between the 2 groups in terms of resection
margin mvolvemen;, with 25% (1/4) in the ESD group
and 65% (11/17) in the EMR group (not significant). The

higher en bloc resection rate and lower incidence of mar-
gin involvement in the ESD group compared with the EMR

group resulted in a higher curability rate. _ _
- It is recognized that ESD for local recurrent or residual
tumors is difficult because of fibrosis, which results after

CRT. Although it is still not technically feasible to perform -

either EMR or ESD for an invasive SCC deeper than sm2

(close to the muscle layer), ESD enables us to resect invasive

- SCC for both sm1 and sm2. Surgical treatment for esopha-
geal SCC is difficult, with a poor quality-of-life reported for
patients after surgery, whereas a higher recurrence rate
has been reported after CRT treatment. ESD or EMR should
be performed initially, therefore, followed by CRT to treat
possible lymph node metastasis when EUS or magnifying
endoscopy examinations reveal no evidence of deeper
invasion to the muscle layer as previously reported.?”"

In conclusion, ESD for recurrent or residual superficial
esophageal tumors after CRT with a B-knife or an IT-knife
achieves the goal of an en bloc resection with a low rate of

incomplete treatment without greater risk than the EMR
technique. ESD should be the reference procedure, there- ‘

fore for treatmg such lesions.

ACKNOWLEDGMENTS

We thank Christopher Dix for editing this manuscript
and Paul Fockens, MD, for critically reading the manuscript.

DISCLOSURES |

The authors report that there are no disclosures rele-
vant to this publication. : :

. REFERENCES

1. Muto M, Nakane M, Katada C, et al. Squamous cell carcinoma in situ at
oropharyngeal and hypopharyngeal mucosal sites. Cancer 2004;101:

. 1375-81.

2. Gono K, Obi T, Yamaguchi M, et al. Appearance of enhanced tissue fea-
tures in narrow-band endoscopic imaging. J Biomed Opt 2004;9:568-77.

3. McCulloch P, Ward J, Tekkis PP, et al. Mortality and morbidity in
gastro-oesophageal cancer surgery: initial results of ASCOT muilti-
centre prospective cohort study. BMJ 2003;327:1192-7.

4. Karl RC, Schreiber R, Boulware D, et al. Factors affecting morbidity,
mortality, and survival in pati_entsundergoihg Ivor Lewis esophago-
gastrectomy. Ann Surg 2000;231:635-43.

5. Muro. K, Arai T, Hamanaka H. Chemoradiotherapy for superficial
{sm2/sm3) esophageal cancer: chemoradiotherapy for clinical stage |
esophageal cancer [Japanese with English abstract]. Stomach Intestine
2002;37:1305-14.

6. Ohtsu A, Boku N, Muro K, et al. Definitive chemoradiotherapy for T4
and/or M1 lymph node squamous cell carcinoma of the esophagus. .
J Clin"Oncol 1999;17:2915-21.

7. Fiorica F, Di Bona D, Schepis F, et al. Preoperative chemoradiotherapy
for oesophageal cancer: a systematic review and meta-analysns Gut
2004;53:925-30.

8. Balart ), Balmana J, Rius X, et al. Treatment of oesophageal cancer with
preopérative chemoradiotherapy may increase operative mortality.
Eur J Surg Oncol 2003;29:884-9.

9. Hattori S, Muto M, Ohtsu A, et al. EMR as salvage treatment for
patients with locoregional failure of definitive chemoradiotherapy
for esophageal cancer. Gastrointest Endosc 2003;58:65-70. :

10. Noguchi H, Naomoto Y, Kondo H, et al. Evaluation of endoscopic mu-
cosal resection for superficial esophageal carcinoma. Surg Laparosc
Endosc Percutan Tech 2000;10:343-50.

11. Narahara H, lishi H, Tatsuta M, et al. Effectiveness of endoscopic

- mucosal resection with submucosal saline injection technique for
superficial squamous carcinomas of the esophagus Gastromtest
Endosc 2000;52:730-4.

12. Inoue H, Kawano T, Tani M, et al. Endoscoplc mucosal resection usnng .
a cap: techniques for use and preventing perforation. Can J Gastroen-

 terol 1999;13:477-80.

13. Inoue H, Endo M, Takeshita K, et al. A new snmpllf ied technique of
endoscopic esophageal mucosal resection using a cap-fitted panen-
doscope (EMRC). Surg Endosc 1992;6:264-5. _

14. Gotoda T, Yanagisawa A, Sasako M, et al. Incidence of lymph node-
metastasis from early gastrlc cancer: estimation with a large number
of cases at two large centers. Gastric Cancer 2000;3:219-25.

15. Gotoda T, Sasako M, Ono H, et al. Evaluation of the necessity for

" gastrectorny with lymph node dissection for patients with submucosal
invasive gastric cancer. Br J Surg 2001;88:444-9.

16. Soetikno R, Kaltenbach T, Yeh R, et al. Endoscopic mucosal resection
for early cancers of the upper gastromtestlnal tract. J Clin Oncol
2005;23:4490-8.

17. Ono H, Kondo H, Gotoda T, et al. Endoscoplc mucosal resection for
treatment of early gastric cancer. Gut 2001;48:225-9.

18. Fujishiro M, Yahagi N, Kakushima N, et al. En bloc resection of a large
semicircular esophageal cancer by endoscopic submucosal dissection.
Surg Laparosc Endosc Percutan Tech 2006;16:237-41.

19. Fujishiro M, Yahagi N, Kakushima N, et al. Endoscopic submucosal

dissection of esophageal squamous cell neoplasms. Clin Gastroenterol
Hepatol 2006;4:688-94.

~ 20. Fujishiro M, Yahagi N, Nakamura M, et al. Successful outcomes of

& novel endoscopic treatment for GI tumors: endoscopic submucosal
dissection with a mixture of high-molecular-weight hyaluronic acid,
glycerin, and sugar. Gastrointest Endosc 2006;63:243-9, °

21. Sano Y, Fu KI, Saito Y, et al. A newly developed bipolar-current needle-
knife for endoscopic submucosal dissection of large colorectal tumors.
Endoscopy 2006;38(Suppl 5):E95.

22. Saito Y, Emura F, Matsuda T, et al. A new sinker-assisted endoscopic

submucosal dissection. for colorectal tumors. "Gastrointest Endosc

2005;62:297-301.

23. Saito Y, Uraoka T, Matsuda T, et al. A pilot study to assess safety and
efficacy of carbon dioxide insufflation ‘during colorectal endoscopic
submucosal dissection under conscious sedation. Gastrointest Endosc
2007;65:537-42. )

24, saito Y, Uraoka T, Matsuda T, et al. Endoscopic treatment of large
superficial colorectal tumors: a cases series of 200 endoscopic
submucosal dlssectlons (with video). Gastromtest Endosc 2007 66:
966-73.

358 GASTROINTESTINAL ENDOSCOPY Volume 67, No. 2 : 2008

www.giejournal.org



Takenaka et al

Cancers of the remnant stomach

25. Uraoka T, Fujii T, Saito Y, et al. Effectiveness of glycerol as a
submucosal injection for EMR. Gastrointest Endosc  2005;61:
736-40.

26. Minami S, Gotoda T, Ono H, et al. Complete endoscopic closure of
gastric perforatlon induced by endoscopic resection of early gastric
cancer using endoclips can prevent surgery (with video). Gastrointest
Endosc 2006;63:596-601.

27. Shimizu Y, Kato M, Yamamoto J, et al. EMR combined with chemora-
diotherapy: a novel treatment for superficial esophageal squamous-
cell carcinoma. Gastrointest Endosc 2004;59:199-204.

Received July 13, 2007. Accepted October 2, 2007.
Current affiliations: Division of Endoscopy (Y.S., H.T, HS, KT, C.Y., SN,

" T.M,), Division of Pathology (Y.N.), Division of Gastrointestinal Oncology

{KK), National Cancer Center Hospital, Tokyo, Japan.

"Presented at 15th United European Gastroenterology Week, October 27-

31, 2007, Paris, France (Gastroenterology 2007;39[Suppi]:A224).
Reprint requests: Yutaka Saito, MD, Division of Endoscopy, National

Cancer Center Hospital, 5-1-1-Tsukiji, Chuo-ku, Tokyo, 104-0045, Japan.

" Endoscopic submucosal dlssectlon for cancers of the remnant

stomach after distal gastrectomy

Ryuta Takenaka, MD, Yoshiro Kawahara, MD, Hiroyuki Okada MD, Takao Tsuzuki, MD, Satoru Yagi, MD,
Jun Kato, MD, Nobuya Ohara, MD, Tadashi Yoshino, MD, Atsushi Imagawa, MD, Shigeatsu Fujiki, MD,
Rie Takata, MD, Masahiro Nakagawa, MD, Motowo Mlzuno, MD, Tomokx Inaba, MD, Tatsuya Toyokawa, MD,

Kohsaku Sa.kaguchi MD

Okayama, Tsuyama, Hiroshima, Takamatsu, and Kan-onji, Japan .

Béckground Endoscopic submucosal dissection (ESD) of early gastric cancer is less invasive than surgical
resection, and if technically feasible, it may result in less long-term morbxdlty than does incisional surgery.
However, ESD is technically difficult in patients who have had a previous distal gastrectomy.

- Objective: Our purpose was to retrospectively assess the results of ESD of early gastric cancer in the remnant.
stomach.

Design: Case series.

" Setting and Pauents A total of:31 lesions in 30 patients w1th early remnant gastric cancer were treated with
ESD at Okayama University Hospital, Tsuyama Central Hospital, Hiroshima City Hospxtal Kagawa Prefectural
Central Hospital, and Mltoyo General Hospital from March 2001 to January 2007.

Intervention: ESD.

_ Main Outcome Measurements: En bloc resection rate, complete resection rate, operauon time, and comph-
cations.

Results: En bloc resection and complete resection were achieved in 30 (97%) and in 23 (74%) lesions, respec-
tively. The median operation time required for ESD in the remnant stomach was 113 minutes (range 45-450 min-
utes). Perforation occurred in 4 (13%). The incidence-of delayed bleeding requiring blood transfusion was 0%.

Limitatibn. Short duration of follow-up

Conclusxons ESD is feasible in the remnant stomach but has a relanvely high comphcanon rate and should
only be performed by expenenced endoscopists.

¢

!

Abbreviations: EMR, endoscopic mucosal resection; ESD, endoscopic
submucosal dissection. .

Copyright © 2008 by the American Society for Gastrointestinal Endoscopy
0016-5107/$32.00
doi:10.1016/j.9ie.2007.10.021

Distal gastrectomy for benign disease appears to lead to
an increased risk for the development of gastric cancer.’?
Although remnant gastric cancers are usually detected at
an advanced stage and surgical resection of the total
remnant. stomach has been accepted for a long time,

www.giejournal.org
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Early thoracic esophageal cancer
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B2 Barrett REREEST

Tla BEIFEEAICE & F BIRE
T1a-EP fEREARERE EREPIC & & 55%% (Tis)
Tla-LPM FEASEEEABAIC L % 5WE
T1a-MM FEREAREBEHAR I E T B IREE

PER—ARICEA S W T A ERERESFIZIZZ
UFOZE ST 5.

ml : T1a-EP, m2: T1a-LPM, m3 : Tla-MM(H&
1). AT ml~m3 TXRELT 5.

;?EﬁBumﬂQEEWEi

B2 58 I EEICO U 5 g L % Barrett
HELEW, BEEIROFELZBDLRVIDOEE
gEE N3, 0 Barrett $EICE U7 % Barrett
AEME & XU, Barrett &8 TIIAROMBEHIR D13
AR ERREBICH 2 EGRERSRD bR,
A Sk DFEBAE R % R B MR IR (deep muscularis
mucosa), P Xh-d OREBESK (superfi-
cial muscularis mucosa(SMM)) &L EZgEh 5. B
Barrett B OBHEEE IR 2 0Tk { EEE NS,

Tla fEEAGERDOREEHAR % B 2 72 VREE
T1a-SMM FEREA A LR $ /-1 BB AR
e EEHRE
T1a-LPM BEISRBREGR L B2 575, &E
HESHHICE L2 VWRE
Tla-MM REBHBEGRICERE T 5WE

2

B

HEER, EBENASERE, aFEARE, BER
HREE, HARHEEEASDLE A NBLICL 2%
TREERRRE OB 2TV, CT, MRI, PET TV
YR, EERSRSEPNTS. ml~m2 X
TOREEDHRIESTH S, BHBEOJNE L2
% m3 & sml OER, B X URFERE LM E DES
BEETHLIHEVDHL. SRE, EEEODIC
HOE ) PULETHS.

1. B EE®

AEEEOEL, FAWRELHHHETEid m3,
sml & &Nh32%, ml, m2REDHMIIREETH 5.
B ST RE 2RI E X sm2 IR TH 1, R
EOXNR» LTI THAS,
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BNZIZERIC TR SN A, Barrett EEB TR AF L
YTN—, AVTVTHNI Y, IVRFINALFL
v M EOFBREEISAVONE T — FRED
DR L D IRE %L 5.

3. HEHARS :

BEBHEND 9 BEED S bE 38 REIEHR) 0
MROFREZBE LN T, REOBRITI4 V
FiZeBREDHEPAFOER LY v HOH
WEIF, )V UNHEEOHRED;OBVIESEIES
NLTw3, Z5HIZ fine needle aspiration biopsy
(FNA)IZX h B EL T 5,

4. AR E NBI

LRBBICL > THERONIHE - HETROME
WOENZHEBECBIET). LI ERATENE
#AIM% N — 7 intra-papillary capillary loop (IPCL) ®
FBREMLICL ) BENBES X VREEDIATREE
250, SLIHLLRABRSNANBIICTEDav b
FSATDVEEBICRZIBILRT  hoTWwa, I—

FREIZAVWTWRWTEEBOBE, 2508

KARFEODBRTEEIMEY: Barrett BEORHBOK
HICBRAZ2RE TS, 2biZiza—FRETOVD
W5 “FREOAE" THIANHEERL NBISERHT
b5 EHFIh TS,

RERY LR OBRRNEB/) SEBICUS N
> TLBIMESN—TRER > THY LRABARE
#BiE)V—=/ intra-papillary capillary loop (PCL) & -
WHENd. COIPCLERABRRRTRIEEALE
RTELBON, BRABRRCIVBESH, ZOm
B—-TICH133 [13R, €7, OBFRA, BRR
19—] DABROELTREOHENLH S LR

EEH/TONS.

N J
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5. FEEZHIOEER

fesk, BRI &R L TV /- dysplasia 13 EREAIE
% intraepitheilal neoplasia & FFUY, EERE BN
B&E% Jlow grade intraepithelial neoplasia) 3 X U8
ERIEE L NEEE (high grade intraepithelial neo-
plasia) IZFEHE N A, REIC K o TIEKEE, BLD
EHNFRETHIBEVHS. T, BOEENE
BiZTla T, BHESCBRBLTW2H41E, BEL
TVWAHRBEZD->TEDEEELTALERENDE
kizote,

6. BEE - SREODH

FERIESTIZZ D20%:E  PMERBEREL AL
TW5, EEREIRDS C40%% 50, BE, K,
M EbiToNns, 72 EMRERTH20%ICE
BASZEENEO LN S, BRICL o TIRIARDS
DEEATIRTSH 5.

BEEEEIC B B U L AR

AERBMAKOLIRRICES Y VMRS
SEIX ml T0%, m2 T3.3%, m3 TI22% & ik X
NTn5, L7z3oT, m2 & m3iCiZR&EZ2E/2Y
BH5, LPdm3 Tidly(+)3231% ¢ HESNT
BY, BENLY Y GEBTRRMEISERD 1/ 412
FIET 5. sml Ti3265%i2 Y V3RO Hh,
ly (+)1340.7%, v(+)2%129%IZFHEFEL, T TIZEST
BTH5, m3, sml DRTY Y EEBEREE L
PTWEFIIREREREE, infy, BHMLETHY,
FEDORENSOmm BLETH2Z & LEENTD S
htTwa?,

1. RS REm D&

BRETHROT VT XA %2R 3ITRT, ml &
m2 ) INRHEBOLZVIRETH Y, EMR /24
ESD Q&S TH Y. m3 I REIZ EMR 247w,
Y UNRBHEBOTRED D 5 b OIS RBIR
T3 CRT 2475, VU NHEBDH 2 m HBOLE
B IINBOYIER 3 2213 CRT 24Tbh s, BREEOX
TS IRERIC X Dt Lds®RE: 5. EMR TeEmZSicxt
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Tla(RREREG)
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v EERR B
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Y EEIRAYThh A, CRT #TRIFINITICRT b
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2. AIRSATERSERYIBR(EMR)

EMR {2i% 2 F+ ¥ 2 ViE, EMR-C ¥, EEMR-
tube ¥, ESD &4t hIRES & UBHERORIUTIS
LTSN T A, 2cm ML ETHIITESD B4t
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7 { BBREZ: EMR $HHIZ 3 72200,

“& WML
MEMOSJ™ b )

APC (Argon plasma coagulation) (2PAREENIC
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