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patients, and it is therefore, possible that a small
difference exists. Our preliminary results are
sufficient to indicate that any such difference is
likely to be too small fo be clinically important.

These preliminary results confirm that the
radical technique of extended lymph node removal
can be performed in Western centres without an
increase in post-operative morbidity and mortality,
if some conditions are respected. First, surgeons
involved in these procedures shoutd have com-
pleted their learning curve under strict quality
control, possibly by a Japanese instructor; second,
this procedure should be performed only in selected
patients, suitable for extended surgery and with a
potentially curable cancer; third, a policy of remov-
ing the spleen only when oncologically necessary,
with preservation of the tail of the pancreas is
associated with low marbidity and mortality, and
routine pancreatico-splenectomy is absolutely to
be avoided during total gastrectomy.

We found that after an adequate learning period,
D2 gastrectomy can offer morbidity and mortality
resuits comparable to those reported in Japanese
series.
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Extensive but Hemiallelic Methylation of the hMLH1 Promoter
Region in Early-Onset Sporadic Colon Cancers With

Microsatellite Instability

YASUYUK! MIYAKURA,*¥ KOKICILII SUGANO,*8 TAKAYUKI AKASU,I TERUHIKO YOSHIDA,S
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SHIN FUJITAl YOSHIHIRO MORIYA,I and HIDEO NAGAIT

*Onecogene Research Unit/Cancer pravention Unit, Tochigi Cancer Center Research Institute, Tochigi; TDepartment of Surgery, Jichi Medical
Schouol, Tochigi; iGenetic Counseling Clinic, National Cancer Center Hospital, Tokyo; IDepartment of Surgery, MNational Cancer Center
Hospital, Tokyo; IDepartment of Laboratory Medicine, Hamamatsu Medical University, Hamamatsuy; *Department of Gastroenterology, Asmori
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Background & Aims: Methylation of the hMLHL pro-
moter region is frequently obsetrved In microsatellite
instability (MSI)-positive sporadic colotectal carcino-
mas. We studied hMLHL promoter methylation in pe-
tipheral blood lymphocytes of 87 index patients repre-
genting 29 cases of hereditary nonpolyposis colorectal
cahcers (HNPCCs), 28 cases of atypical HNPCCs, and 30

sporadic cases of the development of eatly-onset colo-

rectal carcinomas or multiple ptimary cancers. Methods:
Methylation of the hMLH1 promoter region was ana-
iyzed by Na-bisulfite polymerase chain reaction/single-
strand conformation polymorphism analysis or methyl-
ation-specific polymerase chain reaction. MSI, allelic
status of the hMLHL locus, and loss of hMLHL protein
expression were examined in cases for which tumoy
tissues were available. Results: Extensive methylation of
the hMLHA1 promoter was detected in peripheral blood
iymphocytes of 4 of 30 patients with sporadic eatly-
onset colon cancer, among whom multiple primary can-
cers (1 colon and 1 endometrial cancer) developed in 2
cases. This methylation was not detected in analyses of
HNPGC or atypical HNPCC groups or healthy control
subjects. MS| was positive, and- extensive methylation
was detected in both cancers (colon and endometrial
cancer) and normal tissues (colon, gastric mucosa, en-
dometrium, and bone marrow) in all of the ‘examined
cases (3 of 3). Analysis of a polymorphic site in the
hMLHA promoter in 2 Informative cases showed that
methylation was hemiallellc. In 1 case, the unmethyl-
ated allele was lost in the colon cancer but not in the
metachronous endometrial cancer. Conclusions: Consti-
tutive, hemiallelic methylation of the hMLHL promoter
region was shown to be associated with carcinogenesis
in sporadic, early-onset MS|-positive colon cancetrs.

H eceditary nonpolyposis colorectal cancer (HNPCC) is
an autosomal dominantly inherited syndrome predis-

. posing .to cancers of the colorectum, endometrium, ovaiy,

small intestine, and upper urinary tract.! The majosity
(859%6-95%) of HNPCC tumors show microsatellite insta-
bility (MSI), which leads to the accumulation of deletion
and insertion mutations at simple repeated sequences. In
HNPCC, MSI is caused by germline mutations of mis-
match repair genes (MMR genes) such as hMSH?2, hMLH]1,
hPMS1, hPMS2, and hMSHG27 Among these MMR
genes, mutations of hMSH2 and hMLH1 are known to be
responsible for up to 45%—64% of HNPCCs.*? HNPCCs
are characterized phenotypically by early-onset colorectal
carcinoma (CRC), prevalent tumor location in the proximal
colon, and an increased risk of developing multiple CRCs
and other malignancies.0-13 On the other hand, some
(1096—15%) sporadic CRCs also show MSL,14-1¢ and meth-
ylation of the hMLH1 promoter region has been suggested
to be the major mechanism in these cases.**~1 Methylation
of the hWMLH1 promoter tegion and subsequent transcrip-
tional silencing have been demonstrated in the formation of
MSI-positive cancers.!’-2! In a previous study, methylation
of the hWMLH1 promoter region induced transcriptional
silencing of both of the hMLH1 alleles in cell lines showing
MSI22 and this epigenetic mechanism of gene inactivation is

" in line with Knudson’s two-hit hypothesis.23 The proximal

region of the hMLH1 promoter contains cis-elements im-
portant for regulating gene expression.?d Methylation of an
adjacent CpG site inhibits binding of the core binding

Abbreviations used In this paper: BiPS, Na-bisulfite treatment and
PCR single-strand conformation polymorphism; CRC, colorectal carci-
noma; HNPCC, hereditary nonpolyposis colorectal cancer; L.OH, loss of
heterozygosity; MMR gene, mismatch repait geneg MSI, microsatellite
Instability; MSI-H, high-frequency MSI; MSP, methylatlon-specific PCR;
PBL, peripheral bicod lymphoceyte; PCR, polymerase chain reactlon;
RT-PCR, reverse-transcription PCR; S5CP, single-strand conformation
polymorphism.
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factor to the CCAAT box in this region and is one of the
causes of hMLH] gene silencing in colon cancer cells.?® We
reported that extensive methylation (designated as full
rnethylation) of the hMLH] promoter region played a cru-
cial role in WMLH1 gene inactivation,? and that full meth-
ylation occurred in both alleles of the hMLH] promoter
region in high-frequency MSI (MSI-H) colon cancers.?? in
one third of the CRCs showing full methylation, methyl-
arion was also detected in the adjacent normal colonic
mucosa, although it was confined to the most upstream
region of the hMLH1 promoter sequences (designated as
partial methylation).?” Sporadic MSI-positive CRCs show
different clinicopathological characteristics from those of
HNPCC in that they are preferentially associated with
lare-onser proximal colon cancer in female patients,?®?8
suggesting that changes of hormonal starus might be re-
lated to the development of the hMLH1 promoter methyl-
ation. Recently, Gazzoli et al.2® examined 14 cases of sus-
pected HNPCC with MSI-H but no detectable germline
mutations of hMSH2, hMLH1, and hMSHG for hypermeth-
ylation of the hMLH1 promoter region, and they reported
a case in which 1 allele of hWMLH1 was methylated in DINA
isolated from blocd, and biallelic inactivation of the
hMLH] gene in the tumor was caused by a loss of heterozy-
gosity (LOH) of the other allele. They suggested thar chis
was a novel mode of germline inactivation of a cancer
susceptibility gene.

In this study we analyzed the methylation status of the
hMLH] promoter region in peripheral blood lympho-
cytes (PBLs) of patients referred to genetic counseling
clinics because of the suspicion of an HNPCC. We
detected constitutive methylation of the hMLH]1 pro-
moter region in 4 cases of early-onset sporadic MSI-H
CRGs, They displayed hemiallelic bur full methylation
of the hMLH1 promoter region in normal tissues such as
PBLs, normal colonic mucosa, endometrium, gastric mu-
cosa, and bone marrow, exhibiting distincely different
clinical characteristics from both cases of HNPCC and
cases of sporadic MSI-H CRC.

Materials and Methods
Patients

The study protocol was carried out after receiving
institutional review board approval and written informed con-
sent for the study from 87 index patients. PBLs were obtained
from the 87 index patients, who visited genetic counseling
clinics because of suspicion of HNPCC. All of these patients
developed CRCs, and 29 of them fulfilled 1 of che 2 HNPCC
criteria, ie., the Amsterdam's minimum criteria or the mod-
ified Amsterdam criteria, 32 Twenry-eight kindred were
classified as having atypical HNPCC, because chey had ar least
I firse-degree refative with CRC buc did not fulfill the above-

CLINICAL GASTROENTEROLOGY AND HEPATOLOGY Vol, 2, No. 2

mentioned criteria. OF the kindred with arypical HNPCC, 13
kindred fulfilled the second (B-2) and/or fourth (B-4) criteria
of the Bethesda guidelines,? i.e., individuals wich 2 HNPCC-
related cancers, including synchronous and metachronous
CRCs or associated extracolonic cancers {5 cases) (B-2), indi-
viduals with CRC or endometrial cancer diagnosed ar age
younger than 45 years (6 cases} (B-4), and 2 cases fuifilled both
of these 2 eriteria {B-2 + B-4). Thirty kindred fulfilled neither
the criteria for HNPCC nor atypical HNPCC, They developed
early-onsec CRCs when younger than the age of 30 years or
multiple CRCs and/or extracolonic cancers, without showing
familial predisposition to HINPCC-related tumors in theic
first-degree relatives. As to the relation with the Bethesda
guidelines, the number of cases fulflling the second or fourth
criteria of the Bethesda guidelines was 4 (B-2), 20 (B-4), and
2 (B-2 + B-4), respectively. Regarding case H403, a case of
sporadic CRC showing constitutive methylation of the
hMLH]1 promoter region, the proband’s sister visited the clinic
for genetic counseling, and her PBLs were examined for meth-
vlation. The methylation status of the hMLH1 promoter re-
gionn was also examined in PBLs from 100 normal healthy
control subjects older than 50 years undergoing routine health
checkups. Before the analysis, samples were made unlinkable
as to their personal information.

Analysis of MSI

In 4 -cases showing aberrant methylation of the
hMLH1 promoter region, the MS] status was exarnined in all
available samples, including tumor tissues and normal tissues
such as PBLs, colonic mucosa, gastric mucoss, endometrium,
and bone marrow aspirate. Genomic DNAs were subjected to
polymerase chain reaction (PCR) amplification at 9 microsat-
ellite repeat loci (D28123, D55346, D175250, BAT26,
BAT235, MSH3, MSHG6, TGFBR2, and BAX). Analysis of MSI
was performed as described previously.?¢ The definition of MSI
status was as follows: high-frequency MSI (MSI-H), when 30%
or greater of the 9 markers showed MSI, in accordance with the
recommendation of the Natiopal Cancer Institute Work-
shop.

Methylation Analysis of the hMLH1
Promoter Region

Na-bisulite PCR/single-strand conformation poly-
morphism (SSCP) (BiPS) analysis was performed as described
previously®3? (Figure 1). Wich the adenine residue at the start
codon numbered as +1nt, the hAMLH1 promoter (—755 to
+86) was divided into 5 regions (region A [from —755 to
—574, containing 23 CpG sites], B {from —597 to —393, 12
CpG sites], C [from —420 ro —188, 16 CpG sites}, D {from
—286 to —53, 13 CpG sites], and E [from —73 o +86, 13
CpG sites]) and was amplified with 5 sets of PCR primers.
Each primer set wes designed to anneal to both methylated and
unmethylared DNAs, of which the amplicons could be sepa-
rated by SSCP analysis. Amplified DNA fragments were visu-
alized by using SYBR Gold nucleic acid gel stain (Cosmo Bio
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Figure 1. BiPS analysis of hMLHL promoter region and methylation profiles of various tissues in case H166. (A} Map of the 5' CpG islands of the
hMLH1 gene. CpG sites are indicated by vertical lines. The arrow Indicates G/A polymorphism at position ~93nt in the hMLH1 promoter region, The
expected PCR products for regions A, B, C, D, and E are shown. Their positions relative to the adenine residue at the start codon and the sizes of the
amplified DNA fragments are indicated. Figures in the parentheses indicate the numbers of CpG sites in each region. (B) Na-bisulfite treatment and
PCR-SSCP (BiPS) analysis of the hMMLHL promoter region in each tissue of case HA66 (M, controf methylated DNA; U, control unmethylated DNA; Colon
m, colon normal mucosa; Celon ca, colon cancer; p1, PBLs obiained at 34 years of ade {diagnosed with colon cancer); Em, endometrium; Eca,
endometrial cancer: P2, PBLs obtained at 44 years of age (di agnosed with endometrial cancer). We divided the hMLH1 promoter into 5 regions (regions

A-E) and examined the methylation status. DNAs from all samples In case

H166 showed methylated bands in all regions, indicating full methyiation

of the hMLH1 promater region, which was confirmed by direct sequencing of the mutated bands {data not shown).

Co., Tokyo, Japan) and scanned with a Fluorescent Image
Analyzer Model FLA-3000G (Fuji Photo Film Co., Tokyo,
Japan). When the bands showed mobility shifts, they were cut
from the gel, reamplified, and directly sequenced without
subcloning by using an ABI 310 PRISM sequencer (Perkin-
Elmer Co., Branchburg, NJ) with 2 Big-Dye Terminator Cycle
Sequencing Ready Reaction Kit (PE Applied Biosystems, Fos-
ter City, CA). Full mechylation was defined as the stare in
which all CpG sites from regions A through E were methyl-
ated.26:27 The allelic starus of methylation was examined by
direct sequencing of the G/A polymorphic site at —93nt in
region D.*¢ Furthermore, the methylation status of the
hMLH1 promoter region D was also analyzed by methylation-
specific PCR (MSP) as described previously® (Figure 2B and
C). The PCR product was mixed with 5X loading buffer,
electrophoresed on a nondenaturing 8% polyactylamide gel,
stained with ethidium bromide, and scanned with a Fluores-
cent Image Analyzer Model FLA-3000G. DNA fragments
amplified by MSP were subjected to direct sequencing, and

G/A polymorphism was examined to decermine whether the
mechylation was a biallelic or hemiallelic event.

" Mutation Analysis of the hMSH2 and
hMLHL1 Genes

Total RNA was exeracted from the PBLs treated with
puromycin by using the acid guanidine phenol chloroform
method 3 Long reverse-transcription (RT)-PCR was carried
out from RINAs excracted from PBLs incubated in the presence
of puromycin, according to the method we reported previ-
ously.3#3 Signals from murtated alleles are enhanced after
puromycin treatment as a result of the suppression of non-
sense-mediated mRNA decay and easily distinguishable from
signals from the wild-type allele. This approach is a sensicive
method to screen deleterious mutations such as nonsense or
frameshift mutations and large genomic disorganizations re-
suiting in genomic deletion or partial duplication of the
hMLH1 gene.?® Sequencing reactions were performed by using
a Big-Dye Terminacor Cycle Sequencing Reaction kit. Elec-
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Figure 2. Uniparental methylation of the hMLH1 promoter region. (A) PCR/SSCP analysis of the SNP at position ~23nt was used to determine
the genotype of 4 cases, i.e., A/A for H403, A/G for H450 and H166, and G/G for H628, (B) MSP analysis of the hMLHL promoter region D.
M, cantrol methylated DNA; U, control unmethylated normal DNA. DNA derived from H403, H450, H166, and HE28 showed a methylated band
in the promoter region D. DNA derived from H430 {unaffected sister of H403} did not show a methylated band. In addition, DNA derived from
all cases showed an unmethylated band In the same region. (C) Direct sequencing of the PCR products derived from the methylated and
unmethylated fragments in MSP analysis. The arrow indicates G/A polymorphism at position —93nt in the hMLH1 promoter region. One allele
(allele G in H450, sliele A in H166) was observed to be a methylated fragment, and the other aliele (allele A in H450, allele G in HA86) was

observed to be an unmethylated fragment.

trophoresis was catried our by using an ABI 310 PRISM
sequencer. Primers used for direct sequencing were described
in & previous report.’® All murations detected by direct se-
quencing were confirmed by PCR-based sequencing of the
corresponding region of genemic DNA,

Analysis of Allelic Loss of hMLHL

Analysis of LOH of hMLH1 was performed as de-
scribed previously?”40 (Figure 3). Briefly, an ALFexpress DNA
sequencer (Pharmacia, Tokyo, Japan) was used for SSCP anal-
ysis. Electrophoresis was performed at 20%W for 1500 minutes
with a 15% polyacrylamide gel. During electrophoresis, the
gel was kept at & constant temperarure of 16°C by using a
circulating water bath. The dara were analyzed by using the
software package Fragment Manager (Pharmacia, Tokyo, Ja-
pan). LOH was defined when che pezk height of the signal

from eicher ailele was decreased meore than 50% as compared
with thar of the normal control.

Immunohistochemical Examination of
hMLHL

Immunohistochemistry was pesformed es described
previously2® (Figure 4). Briefly, tissue sections were deparaf-
finized with xylepe and dehydrated by using a graded series of
ethanol. Antigen reiwrievel was performed in citrare buffer by
using a heat-induced microwave oven. The avidin-biotin—
conjugated immunoperoxidase technique was performed by
using a DAKO LSAB2 Kit (DAKOQ, Carpinteria, CA), Endog-
enous peroxidase activity was blocked by methanol supple-
mented with 0,.02% H,0,, Sections were immersed in 4%
commercial nonfat skim milk powder 1o inhibit noaspecific
antibody binding. The sections were then incubated overnight
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Figure 3. Electropherograms
of SSCP analysis showing al
lelic loss of hMLHL in colon
and endometrial tissues of
case H166. Allelic loss was de-
tected only in the colon cancer,
and the position of the iost al-
lele is indicated by an arrow.

with mouse monoclonal antibody to the hMLH1 gene product
(clone G168-15; PharMingen, San Diego, CA) (at a 1:50 dilution)
and then with biotinylated secondary antibody and peroxidase-
labeled avidin-biotin complex for 30 minutes, and staining was
visualized by incubating the sections with 0.02% H,O, and
0.029% diaminobenzidine in methanol for 10 minutes.

Resulis

Characteristics of Four Cases With Extensive
Methylation of hMLHA Promoter Region
in PBLs

Analysis of PBLs from 87 index patients in whom
HINPCC was suspected revealed extensive methylation of
the hMLH1 promoter region in 4 cases (H166, H403,

Colon mucosa

EXTENSIVE HMLH1 PROMOTER METHYLATION 451

Endometriim Endometrial ca

(Retain)

Colon ca
(Lost)

LOH of the hMLH1 locus (H166)

H450, and HA28), whose characteristics are shown in Table
1. They were characterized by early-onset colon cancer and
absence of family history of CRC in their first-degree rela-
tives, Case H166 developed ascending colon cancer and
endometrial cancer at the ages of 38 and 44 years, respec-
tively, and PBL samnples taken after the onset of each cancer
showed extensive methylation of the hMLH1 promoter
region. Case H428 developed descending colon cancer at 29
years of ape and had a history of left colectomy as a result of
descending colon cancer at 17 yeats of age.

We examined MSI and methylation status of the
hMLH1 promoter region in colon cancer (H403, H166,
and HE28), endometrial cancer (H166) tissues, and in
their normal counterparts (Figure 1B, Table 1). All of the

Figure 4. Immunohistochemical staining for hMLH1 expression in colon tissues of case H166 (A, B) and H828 (£, F) and endometrial tissues
of case Hi66 (€, D). Positive nuclear staining was observed in normal colonic mucosa (4, £) and endometrium (C), whereas a lack of positive

nuclear staining was observed in carcinomas of the colon (B, F) and endometrium (D).
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Table 1. Characteristics of Patients With Extensive Methylation of hMLHA Promoter Region in Lymphocyte Celis

Family history hMLHL
hMSH2
Case Age? Sex Site  CRC? Other cancer Genoctype® Specimen MS|  Methylation Mutation? HC mutation
Higs 38 F A - — A/G PBL 38 yr  MSS Fuly - -
Colon mugosa MSS Full +
Colen cancer MSEH Full -
PBL 44 yr  MSS Full - -
Endometritm MSS Full +
Endometrial MS-H Full -
cancer MSS Full
Colon mucosa 45yr  MSS Full
(biopsy)
Gastric mucosa MSS Full
Bone marrow
H403 28 M T —  Qastric cancer A/A MSS Full - -
(Brandfather)
PBL MSS Full N.D.
Colon mucosa MSI-H Full N.D.
Colon cancer
H450 23 F A —  Pancreas cancer A/G PBL MSS Full - -
{grandmother)
HB28 22 M D(17yr) — Gastiic cancer G/G MSS Full - —
{grandfather)
Al29 y) PBL MSS N.D. +
Breast cancer {aunt) Colon mucosa MSI-H N.D. -
Colon cancer {biopsy) MSS Full
Breast cancer (aunt) Colon mucosa  (biopsy) MSS Full

Gastric mucosa

IHC, immunohistochemical analysis: A, ascending colon; MSS, MSl-stable; T, transverse colon; N.D., not done; D, descending colon; PBL,
peripheral blood lymphocyte; MSIH, high-frequency MSI; 4, positive staining; —, negative staining,

2CRC onset age.

"No family history of CRC.

chMLHL promoter genotype (—23 nt from translation start site}.
dMutation negative.

turnors showed MSI-H, and extensive methylarion of the
hMLH1 promoter region was demonstrated in both tu-
mors and normal mucosa. In cases H166 and H628, the
patients underwent further examinations postoperatively
such as digestive endoscopy (FH 166 and H628) and bone
marrow aspiration {(H166) for persistent leukopenia,

In both cases, methylation of the WMLH1 promoter
region was shown to be constitutive and hemiallelic in all
samples examined. PBLs of case H403's sister (H430)
did not show the methylation (Figure 2B). The PBLs of
the other famnily members were not available. No germ-
line mutations wete detected in the hMLH1 or hMSH2
genes of these 4 patients. Mechylation of the hMLH1
promoter region was not detected in the PBLs of 100
healthy blood donors.

Hemiallelic Methylation of hMLH1
Promoter Region in Normal Tissues

We previously reported that methylation of the
hMLH]1 promoter region was a biallelic event in MSI-
positive CRCs.?7 To determine whether methylation of
the hMLH1 promoter region in PBL is a biallelic epige-

netic event, we examined the methylation status of this
region by using G/A polymorphism at position —93nt in
the hMLH1 promoter by use of MSP combined with
DNA sequencing (Figures 1 and 2A). In the 2 informative

_cases, we could confirm that methylation was hemiallelic
" (allele G in H450, allele A in H166) in all specimens.

Immunohistochemical Assessment of
hMLH4. Protein Expressicn

To determine whether hMMLH1 gene inactivation
was caused by extensive methylation of the hMLH1
promoter region, we investigated hMLH1 protein ex-
pression in colon (cases H166 and H628) and endome-
trial {case H166) tissues by immunohistochemistey (Fig-
ure 4), hMLH] protein expression was not detected in
colon or endometrial cancer, but it was detected in
normal colonic mucosa and endometrium,

Cause of Lack of hMLHL Protein
Expression in Cancer Tissues

To determine how the hemiallelic methylation of
the hMLH1 promoter region induced silencing of
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hMLH]1 protein expression in cancer tissues, we investi-
gated the LOH of hMLHL in case H166 (Figure 3).
Analysis of the colon cancer showed somatic loss of the G
allele at the hMLE]1 locus, and biallelic inactivation of
the hMLH? gene was caused by extensive methylation of
allele A, followed by loss of the opposite allele. However,
analysis of the endometrial cancer did not show LOH,
and thus we could not identify the cause of the reduced
expression of hMLH1 protein in endometrial cancer.

Discussion

In the present study we examined the methylation
status of the hMLH1 promoter region in 87 index pa-
tients in whom HNPCC was suspected. The 87 index
cases included 30 cases that were sporadic but had de-
veloped early-onset CRCs or multiple primary cancers.
We identified 4 of 30 sporadic cases wich extensive
methylation of the hMLH1 promoter region in PBLs.

They all developed CRCs at a very young age (the age at

onset for a first cancer varied from 17 through 38 years
of age), and there were no HNPCC-related cancers in
their firse-degree relatives. Analysis of 2 cases heterozy-
gous for a G/A polymorphism at position —93nt showed
that the methylation was hemiallelic (Figure 2C). These
findings were in accord with those of a case reported by
Gazzoli et al.2? Those authors reported hypermethylation
of the hMLH1 promoter region in 1 allele in the DNA
from PBLs of 2 CRC patient with young age (25 years) at
onset and without family history of CRC. We examined
the methylation status of the hMLH1 promoter region in
DNAs from various tissues, including normal mucosa of
the colon, stomach, and endometrium and bone marrow,
and the methylation was invariably detected in all tissues
examined. Methylation occurred as a constitutive, hemi-
allelic event. All of these 4 cases were early-onset, and
they were also sporadic without family history of
HNPCC-related tumors in their firse-degree relatives.
PBLs of case H403's sister (H430) did not show the
methylation (Figure 2B). The PBLs of the other family
members were not available. Consticutive methylation of
the hMLH1 promorter region was not detected in analyses
of HNPCC or atypical HNPCC groups or healthy con-
trol subjects. Taken together, these findings suggest that
herniallelic mechylation was not heritable, and that it
was inconsistent with the mode of autosomal dominant
mendelian inheritance, although aberrant methylation
might be due to other unknown genetic mechanisms.
In MSI-H CRCs, methylacion of the hMLH1 pro-
moter region has beeri reported to be extensive, usually
oceurring in both alleles of the hMLH1 promoter, and
strong association has been observed between the meth-
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ylation profile of the hMLH1 promoter fegion and the
clinicopathologic background of the cases, Le., preferen-
tial occurrence in the proximal colon, female predomi-
nance, and older age at onset.25:?8 The 4 cases studied
here showed different characteristics from ordinary
MSI-H cumors in chat the methylation was a constitutive
buc hemiallelic event, preferentially observed in early-
onset CRC and withour gender specificity (2 male and 2
female patients). The frequency of constitutive methyl-
ation of the hMLH1 promoter region was 13.39 (4 of 30
cases) in the cases of sporadic CRCs we examined, sug-
gesting that hemiallelic methylation of the hWMLH1 pro-
moter region accounts for a subser of early-onset sporadic
CRCs with MSI-H. Liu et al.4! identified 1 case of
germline mutation in early-onset CRC showing MSI, but
the previously reported rates of detection of mutations in
the MMR genes in early-onset CRCs were low 42-41 A
study of 31 patients younger than 35 years of age and not
fulfilling the Amsterdam minimum criteria, in which
MSI was exhibited in 18 cases (58%), was also reported. 13
Twelve of those cases were evaluated for alterations of
MMR gencs, and 5 (429%) were found to hatbor germline
mutacions of either hMSH? or hMLH1. Germline mu-
tations of MMR genes might account for a part of
early-onset CRCs, and some of them are suspected to be
de nove mutations.

In our analysis of 30 sporadic cases, we detected 3
cases of germline mutations of che MMR genes {data not
shown), whereas no germline mutations of hMSH?Z or
hMLH1 were detected in analyses of the 4 patients
described here. Genomic disorganizations such as large
deletions or duplications of the MMR genes have been
thought to occur in a considerable proportion of HNPCC
cases. %647 Previously, we reported 2 cases of genomic
deletion and 1 case of partial duplication of the hMLH1
gene that were detected by using long RT-PCR from
puromycin-treated samples, and this method is sensitive
enough to screen large genomic disorganizations of the
MMR genes.*® Recently, several genes were reported to
be involved in familial predisposition to CRC.#-3" In
the case of hMSHG, many of the mutation carriers de-
velop carcinomas of the distal colon and endometrium,
and analysis of tumor tissues showed that half of them
were MSI-negative.4® As for MYH, the mutation casriers
showed autosomal recessive inheritance, whereas their
phenotypes wete characterized by the presence of multi-
ple colorectal adenomas.®® The clinical characteristics
of our cases seem to be incompatible with mucations of
these 2 genes.

In case H166, biallelic inactivation of the hMLH1
gene in colon cancer was caused by an LOH of the




154 MIYAKURA ET AL.

unmethylated allele (Figure 3). Gazzoli et al.2? reported
that biallelic inactivation resulted in loss of hMLH]I
protein expression in the tumor and suggested a novel
mode of germline inactivation of a cancer susceptibility
gene. These results were inconsistent with our previous
study showing that allelic loss of the hbMLH1 locus was
infrequent, and methylation was biallelic in the majority
of the ordinary MSI-H sporadic CRCs.?” All of the 4
cases examined here were postoperative, and it remains
uncleat when the methylation of the hMLH gene oc-
cugred.

In case H166, the patient developed ascending colon
cancer at the age of 38 years and endometrial cancer at
the age of 44 years. In case HG628, the patient developed
descending colon cancer at the age of 17 years and
ascending colon cancer at the age of 29 years (Table 1).
In retrospective analysis, MSI-positive sporadic CRC
patients have been reported to be ar risk for devel-
oping extracolonic cancers and metachronous mulciple
CRCs.*1- Full methylation of the hMLH1 promoter
region in PBLs might have a significant influence on the
carcinogenesis of these multiple primary cancers and
might be a potent diagnostic marker for identifying
individuals at high risk of developing cancer.

In conclusion, we have tentatively identified a rare
group of patients who have the MSI-H phenotype, show
eatly-onset colon cancers without 2 family history of
CRC, and exhibit extensive but hemiallelic methylation
of the hMLH1 promoter region in PBLs and other nor-
mal tissues.
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ABSTRACT

Background/Aims: Colorectal mucinous carcino-
mas are considered to have a worse prognosis than
typical adenocarcinomas. To evaluate the prognostic
relevance of a series of clinical and pathologicat vari-
ables, patients with colorectal mucinous carcinomas
were studied retrospectively,

Methodology: Ninety-eight patients who under-
went surgery for colorectal mucinous carcinomas
were inchuded in this study. We firstly examined
whether signet-ring cell carcinomas exhibited worse
prognosis than the other mucinous carcinomas,
Prognostic factors were then analyzed by both uni-
variate and multivariate analysis for 70 patients who
underwent complete resection.

Results: The overall five-yvear survival rate was 44%.

—

Amount of signet-ving cells was a non-significant?|’
indicator of poor prognosis. For the cases whose can- .-
cers wera completely resected, four parameters (liver”
metastasis, lymph node involvement, vessel involve:
ment, spread beyond the bowel wall) were signifi- |-
cantly related to prognosis on univariate analysis:
With the multivariate analysis, liver metastasis and s
spread beyond the bowel wall were independent vari: |
ables. .
Conclusions: This study reaffirmed the importance |
of liver metastasis and spread beyond the bowel wall

for prediction of prognosis with colorectal mucinous |
carcinomas for cases who undergo complete resec- |
tion. In addition, the presence of signet-ring cells is a ||
non-significant indicator of a poor prognasis.

INTRODUCTION

Primary colorectal mucinous carcinomas (CMC)
including signet-ring cell carcinomas (SRCC) are gen-
erally thought to exhibit a more aggressive clinical
course and to have a less favorable prognosis as com-
pared with typical colorectal adenocarcinomas (1-6).
However, there are CMC patients who survive for long
periods without recurrence.

Therefore, prediction of prognosis is important for
deciding whether adjuvant therapy should be given.
The pwrpose of the present study was to review medi-
cal records and pathological specimens for 98 patients
with CMC and evaluate the prognostic relevance of
clinical and morphological parameters.

METHODOLOGY

Between 1975 and 1990, 1875 patients with pri-
mary colorectal carcinomas whose twmors invaded
beyond the mucosal layer underwent surgery at the
National Cancer Center Hospital, Tokyo, Japan.
Among them, CMC was identified in 98 cases (5.2%).
Medicai records and pathological sections of these
cases with primary CMC were reviewed. Informed
consent was obtained from all patients prior to
surgery. All of the patients were followed for at least 5
vears or until death, In line with the 1989 WHO crite-
ria {7), histological diagnosis of CMC was made when

Hepate-Gastyoentevology 2004; 51:142-146
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more than 50% of the tumor was composed of extra-
cellular mucin. The tumor was defined as SRCC when
more than 50% of the tumor cells were composed of
signet-ring cells, based on examination of all available
sections {(2).

Clinical variables tested included gender, age,
turnor site, gross appearance, twmor size, precperative
serum carcinoembryonic antigen level, status of liver
metastases and peritoneal dissemination, and macro-
scopic completeness of resection, obtained from the
medical records. The criteria for grading each clinical
variable are summarized in Table 1. For gross
appearance, the classification defined by Borrmann
for advanced gastric cancers was used (8): polypoid or
fungating (type 1), excavating (type 2), ulcerated ancd
infiltyating (type 3) and infiltrating (type 4). The size
of the tumor was determined by measuring the largest
diameter. Cases of cancers considered to have been
completely resected were defined as curative, and
those with remnanis as non-cuvative. Patients with
liver metastasis, peritoneal dissemination or divect
invasion to other organs were placed in the curative
group when these were completely resected macro-
scopically.

Histological variables evaluated included Dukes’
stage (9) modified by Turnbull et al. {10), depth of
transmural invasion, lymph node involvement, distant
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: male; female
; £59; 60<

: colon; rectun
4ppéarance stype 13 2; 3; 4
: =49 B0s - £79; 80<
:£4.9; 5.0<
: absent; present
: ahgent; present
: curative; non-curative

(ARG D
iad beyond the bowel wall : £2; £3; t4

\5mph node involvement :n0; nl; n2; n3
gﬁt metastasis . mo; ml

: absent; present

: trabecular; scattered

: expanding; infiltrating
: mild; severe

: €40%; 50%x

Teessl involvement

Bitological atypia
feshtage volume of
mé_#g—ring cells

LR
PN

{GURE 1 (A) Trabecular type showed marked infraluminal growih, as
pposed to outpouching, produging a pseudocribriform pattern.

B) Scattered type was recorded either when celis wera singls or
‘aranged in smal clusters.

Jorgan metastasis, vascular invasion, tumor structure
{tubular configuration), pattern of growth, eytological
atypia and % volume of signet-ring cells. The patho-
logic sections examined were stained with hema-

" tumors were graded by one pathologist, who was
unaware of the clinical outcome. The criteria for grad-

ing each morphologic variable are sumrarized in
Table 1. Spread beyond the bowel wall, lymph node
involvement and distant metastasis were all defined
according fo TNM clinical classification (11). There
Wwere no carcinoinas in situ or tumors within the sub-
mucosa. Trabecular type showed marked intraluminal
growth, as opposed to outpouching, producing a pseu-
docribriform pattern (Figure 14). Scattered type was
recorded either when cells were single or arranged in
small clusters (Figure 1B) (12}, As suggested by Jass
et al. (13), turnors were defined as expanding or infil-
trating following the morphologic guidelines previous-
ly defined by Ming for gastric carcinomas {14).

Tumors were classified as having mild or severe atyp-

ia according to the grade of cytological atypia of the
tumor cells in infiltrating portions. With mild atypia,
the nucleocytoplasmic ratio was low, but the nuclei
were elongated, crowded and appeared stratified.
Mucus secretion was usually preserved (Figure 2A).
With severe atypia, the nuclei were greatly enlarged,
ovoid or round, hyperchromatic and often contained a

prominent nucleolus. Mitoses were numerous, with

occasional abnormal mitotic figures. Mueus produc-
tion appeared absent (Figure 2B),

During the first step, we examined whether SRCC
exhibited a worse prognosis than the other mucinous
carcinomas. The Kaplan-Meier method was used to
obtain overall survival curves (15). Deaths from other
causes were treated as events at the time of death. Dif-

[
i vg)
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2
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&

toxylin and eosin. Each slide was examined and the

- g
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FIGURE 2 {A) In mild atypia, the nucleocytoplasmic ratio was low, but
the nuclet were elongated, crowded and appeared stratified. (B) In
severe atypia, the nuclel were greatly enfarged, ovoid or round,
hyperchromatic and often conizined a prominant nucleolus. Mitosas
were numerous, and there might be abaormal mitotis figures.
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FIGURE 3 Comparison of suivivals of SRCC and other typical CMC.
There was no statistically significant difference between the two,
%3RCs: percentage of sigret-ring cefls,

ferences were compared. using the log-rank test. This
method was used for all univariate analyses.

During the second step, univariate and multivari-
ate analyses were conducted to find prognostic factors
for the patients who underwent macroscopically com-
plete resection. Multivariate analyses were performed
by the Cox regression model (16).

RESULTS
The patients comprised 56 men and 42 women.
The median age was 60 years {range 29 to 90 years).

Thirty-three tumors were located in the right colon
{cecum, ascending colon), 10 in the left colon {trans’
verse, descending, sigmoid colon) and 55 in the rectuny
or rectosigmoid junction, according to the Interns:
tional Ciassification of Diseases (17). Six were Dukes®;
A cancers; 21 Dukes’ B, 41 Dukes’ C and 30 Dukes’ b, ;
Curative surgery was performed on 70 (71%) patients, -
Overall 5-year survival wag 44%. None of the patientg‘?ce'
were suffering from risk factor disease such as ulcera
tive colitis, Crohn's disease, familial aclenomatous:
polyposis or hereditary non-polypotic eolon cancer, 4
SRCC was found in 23 cases. Amount of signet- 1mg§;
cells was a non-significant indicator of poor prognosis, ;
Survival curves with respeet to this variable are shovm
in Figure 3. None of the SRCC were Dukes’ A; 2 were—h
Dukes’ B, 13 were Dukes’ C and 8 were Dukes’ D.
The results of univariate analyses for the cases i
where cancers were completely resected are summa-}
rized in Table 2. Prognosis was strongly related to
liver metastasis, lymph node involvement and vessel';
involvemment. Spread beyond the bowel wall exhibited:,
significant association with prognosis. On multivari©:
ate analysis, liver metastasis and spread beyond the '
bowel wall were significant variables after adjustmg !
other prognostic factors (Table 3). T

DISCUSSION 3
In any series of colorectal cancers, mucus produe-
tion will range from trace to a considerable abun

Factor n_ 5-yr survival P value Factor n 5-yr survival P value
Gender Dukes stage
male 39 64.1 ns A 8 100.0 :
female 31 581 B 21 71.4
Age c 35 54.1 §
<59 38 60.5 ns D 8 33.3 '
60< 32 82.5 Spread bevond bowel wall
Site of tumor £2 9 88.9 002 -
colon . 29 69.0 ns t3 18 63.3
rectum 41 56.1 t4 42 33.3
Gross appearance Lymph node involvement :
1 ) 11 81.8 ns nd 29 75.9 <001 ¥
2 47 61.7 nl 15 60.0 3
3 11 45.5 n2 ] 11.1 i
4 1 0.0 n3 17 64.7 _
Size of fumor Distant metastasis .
49 18 50.0 ns m 62 62.7 ns___
50< - €79 37 62.2 ml 8 33.3 _
80< 15 73.3 Vessel involvement .
CEA level absent 35 77.1 <0.01 -,
<4.9 32 68.8 ns present 35 45.7 —
5.0< 37 56.8 Structure of tumor cells .
Liver metastasis trabecular 80 66.7 11§ i
absent 64 63.2 <001 scattered 10 30.0 _
present 6 0.0 Pattern of growth .
Peritoneal dissemination expanding 23 73.9 ns___
absent &8 62.1 ns infiltrating 47 55.3
present 2 50.0 _Cytological atypia .
mild 16 86.7 ns

ns: not significant (p>0.08).

severe 55 54.6
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§ "ﬂm?%’gﬁagg ;gg ';g

’T.Eactor Hazard r a.tlo p value
Tiver metastasis 13.5 0.0007
Eljﬁd beyond the bowel wall 2,85 0.0054

-'c{gnce, contributing to the greater part of the tumor
size. In the literature, there is 1o clear agreement as

.to .the minimum percentage of extracellular mucin

jequired to define a careinoma as mucinous (I-

4;18,19). Since the WHO classification provides uni-
Jform, simple guidelines that are particularly useful
clinically, it was employed in the present study (7).

The prognostic value of various histologic and
grade-related parameters for CMC has remained
“unclear {20), but Jass and coworkers suggested that at
‘least nine morphologic parameters (in addition to

"‘stacre) had significant prognostic relevance from their

univariate analysis (13). Among these, lymphocytic
mﬁltratlon tubular configuration and pattern of
gmwth had independent prognostic value on multi-

'rEariate analysis. In contrast, Leon et al. found that

TNM staging was the only parameter with indepen-
dent prognostic importance (21).
The main purpose of this study was to determine

“whether signet-ring cells exert an influence on prog-
nosis which reflects their amount. There are several
_reports suggesting that SRCC show a worse prognosis
than other muecinous carcinomas and typical non-

mucinous adenocarcinomas (3,4). However, some
- authors have reported no clinical differences and there
-is a possibility that the poor prognosis may be due to a
c}elay in diagnosis (22-25). In our series, the proportion

soccupied by signet-ring cells wasnota sig‘niﬁcant indi-
 cator of poor prognoesis. SRCC tend to be discovered at
- an advanced stage, although this is also the case for
JInueinous carcinomas as a whole.

Metastases from mucinous carcinomas and SRCC
iend to develop in the lymph nodes and peritoneal sur-

faces rather than the liver (5). In our series, lymph
‘node involvement was strongly related to prognoesis on

univariate analysis but was not an independent factor

‘on multivariate analysis. Peritoneal dissemination
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was 1ot related to prognosis on univariate analysis.
They were independent of the amount of signet-ring
cells using the y? test.

A second aim was to identify clinical and morpheo-
logic pararneters that may be of prognosiic relevance
in patients with CMC undergoing eurative operation.
Four variables (liver metastasis, lymph node involve-
ment, vessel involvement, spread beyond the bowel
wall) were significantly related to prognosis on uni-
variate analysis. However, using multiregression mod-
els, only liver metastasis and spread beyond the bowel
wall were independent prognostic factors and thus
these appear to be the most important for predicting
clinical outcome. This finding seems to be almost the
same for ordinary non-mucinous carcinomas (1,24,26).

This may allow us to determine the plan of adju-
vant therapy and follow-up. Our study indicated that
patients whe have liver inetastasis, even if the tumors
are completely resected macroscopically, only have a
poor prognosis. Six such patients all died within 13
months. Spread beyond the bowel wall also has signif-
icant importance. Adjuvant chemotherapy using
intraperitoneal injection may play a positive role for
patients with tumors perforating the visceral peri-
toneum, because peritoneal dissermination was here
found to be more frequent (8 patients) than other pat-
terns of recurrence, including local recurrence (2
patients), liver metastasis (3 patients), and distant
metastasis (2 patients).

In conclusion, the present study reaffirmed the
importance of liver metastasis and spread beyond the
bowel wall along with staging and grading for CMC
with curative surgery. This appears to be of extreme
practical importance in defining the subgroups of
patients who ere at different risk of recurrence and
who could be treated more or less intensively. Future
studies should assess the prognostic significance of
varions biologic markers within each Dukes' class.
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Abstract

Background: This study compared the short-term out-
comes, including the complication rate and minimum
surgical invasiveness, between patients with colon and
rectal carcinomas, who underwent laparoscopic surgery.
Methods: A review evalnated 151 patients who under-
went laparoscopic colectomy (Lap-colectomy; n = 120)
and laparoscopic low anterior resection (Lap-LAR;
n = 31) between July 2001 and December 2003. The
short-term outcomes were compared between the two
ZTOoups.

Results: The mean operative time and blood loss were
significantly greater in the Lap-LAR group. However,
the complication rates and postoperative course between
the two approaches were similar, and no anastomotic
leakage was observed. There was no significant differ-
ence in the serum C-reactive protein level and white
blood cell count between the two groups in the early
postoperative period.

Conclusions: Lap-LAR for rectal carcinoma can be
performed safely without increased morbidity or mor-
tality, and its short-term benefits are comparable with
those conferred by Lap-colectomy.

Key words: Laparoscopic colectomy — Laparoscopic
low anterior resection — Complication — Colorectal
cancer — Short-term outcome

More than 10 years have passed since laparoscopic
surgery became the approach of choice for colorectal
cancer, but its value stifl remains unestablished. One of
the reasons for this is that oncologic safety, which is the
most important factor in 4 cancer surgery, has not been
well confirmed for LS as it has for conventional

Correspondence to: S. Yamamoto

open surgery. Oncologic outcome is not compromised
by the laparoscopic approach, at least in the short term
[6, 7, 9, 19]. According to some reports, the treatment
outcome for laparoscopec surgery is not inferior to that
for open surgery in terms of 5-year survival. However,
the safety of laparoscopic surgery should be evahiated
and confirmed in prospective randomized controlled
trials [8, 15].

Unfortunately, laparoscopic surgery as an approach
to rectal cancer Is a very difficult surgery from a tech-
nical standpoint. Consequently, many trials have
excluded patients with middle and lower rectal carci-
nomas. Laparoscopic low anterior resection (Lap-LAR)
reportedly involves a high rate of anastomotic leakage
(5.7-21%), and some authors have recommended cov-
ering ileostomy routinely in Lap-LAR cases, a step that
is not required in some open surgery cases [1, 3, 5, 10,
13, 20). Technical difficulties may be overcome by the
surgeon’s proficiency, and by the improvement and
development of instruments, but because of the high
complication rate, it currently is controversial whether
Lap-LAR can be regarded as a minimum invasive sur-
gery for rectal cancer.

Since our first laparoscopic colectomy for colo-
rectal carcinoma in 1993, approximately 280 laparo-
scopic resections for colorectal malignancies have been
performed at our institution. In June 2001, we unified
our surgical and postoperative management proce-
dures, and began to expand the use of laparoscopic
surgery to include middle and lower rectal carcinomas.
As a consequence, the complication rate and mean
length of hospitalization have been reduced at our
institution.

In the current study, short-term outcomes, including
the complication rate and minimum surgical invasive-
ness, were compared selected patients with colon carci-
noma and those with rectal carcinoma who underwent
laparoscopic surgery at our hospital after June 2001 to
evaluate whether Lap-LAR is a surgical technique with
benefits similar to those for laparoscopic colectomy
(Lap-colectomy).
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Patients and methods

Patients

Between June 2001 and Decembear 2003, we performed 151 continuous
laparoscopic resections for selected patients with colorectal carcinoma.
Because the safety of laparoscopic surgery patients with cancer re-
mains to be established, candidates for radical surgery were patients
who had a preoperative diagnosis of T1 or T2. Additionaily, laparo-
scopic surgery cases also included patients with a preoperative diag-
nosis of T3 who neverthieless wished to undergo laparoscopic surgery
and those with colon or upper rectal carcinoma for which palliative
resection was considered necessary. We excluded the following groups
of patients from laparoscopic resection: patients with tumors larger
than 6 cm, patients with a history of extensive adhesions, patients with
severe obesity (body mass index exceeding 32 kg/m2), patients with
intestinal obstruction, and patients who did not consent to laparo-
scopic surgery.

All the patients were cvaluated before surgery by clinical
investigation including barium enema, total colonoscopy, chest x-
ray, abdominal ultrasonography, and computed tomography. For
the patienis with rectal carcinoma, a primary rectal carcinoma was
defined according to its distance from the anal verge, as determined
by colonoscopy. The tumors were grouped into lower rectum (07
cm), middle rectum (7.1-12-cm), and upper rectum (12.1-17 cm).
We defined conversion to open surgery as any incision larger than
7 cm, excluding cases in which the incision was enlarged because
of a large specimen that could not be removed through a 7-cm
incision,

Laparoscopic technique

The techniques of laparoscopic resections have previously been de-
scribed thoroughly [6, 19, 20). For right-sided lesions, the right colon
was mobilized initially, and the vascular pedicles were divided at
their origin, together with the draining lymph nodes intracorporeally.
For patients with a preoperative diagnosis of T2-T3 lesions, the
laparoscopic no-touch isolation technique was performed [12]. With
this technique, after early proximal ligation of the tumor-feeding
vessels and resection of the mesentery intracorporeally, mobilization
of the right colon was performed. The bowel loop was delivered
under a wound protector through a small incision. The division of
the marginal vessels and the anastomosis were performed extracor-
poreally.

For transversecolon lesions, mobilization of hepatic, spienic, or
both flexures was performed according to the tumor location. Proxi-
mal ligation of the right, left, or both branches of the middie colic
vessels at their origins was performed intracorporeally or extracorpo-
really. The bowel loop was delivered, and anastomosis was performed
in the same way.

For the descending colon and the proximal sigmoid colon lesions
for which extracorporeal anastomosis was considered possible, the left
colon was mobilized initially. After mobilization of the splenic flexure,
intracorporeal ligation of the tumor-feeding vessels (Jeft colic artery,
sigmoid arteries, inferior mesenteric vessels) at their origins was per-
formed. The bowel loop was delivered through a small incision, and
the division of the mesenterium was performed extracorporeally, fol-
Jowed by extracorporeal anastomosis.

For the distal sigmoid colon and rectal lesions, after mobilization
of the left colon and splenic flexure, if necessary, intracorporeal high
ligation of the inferior mesenteric vessels followed by mobilization of
the rectum and mesorectum was performed. For higher lesions, mes-
orectal tissue down to 5 cm below the tumor was excised routinely.
Middle and lowér rectal tumors were treated by total mesorectal
excision. Rectal {ransection was perforimed with endolinear staplers
(Endo GIA Universal; Auto Suture, 1.8, Surgical Corp., Norwalk,
CT, USA). A 4-cm incision then was made over the mid-lower port
site, and the bowel was exteriorized under wound protection. The
anastomosis was performed by the double stapling techmique. For
patients with lesions located within 2 cm of the dentate line, laparo-
scopic intersphincteric rectal resection and handsewn coloanal anas-
tomosis were performed. This surgical technique has been described
previously [18]

Study parameters

The parameters analyzed included gender, age, body mass index
(BMI), prior abdominal surgery, operative time, operative blood loss,
conversion rate, days to resume diet, length of postoperative hospital
stay, and both intraoperative and postoperative complications within
30 days of surgery. Pathologic staging was performed according to
Dukes’ stage. White blood cell (WBC) count and C-reactive protein
{CRP) in serum were measured preoperatively and on postoperative
day 1 routinely, and on postoperative days 2, 3, and 4, if necessary.

Statistical analysis

Statistical analysis was performed using Student’s ¢ test, Fisher’s exact
test, and the chi-square test as appropriate. A p value less than 0.05
was considered significant. .

Results

The patient demographics are summarized in Table 1.
No significant differences were observed in baseline
characteristics between the two groups, with the excep-
tion that mean BMI was significantly greater in the Lap-
LAR group (p = 0.0438). In the Lap-LAR group, two
patients underwent laparoscopic handsewn coleanal
anastomosis, and a transverse-coloplasty pouch was
constructed for two patients. All the patients with cov-
ering ileostomy underwent ileostomy closure. With re-
gard to simultaneously performed surgical techniques,
the Lap-colectomy group had two patients who under-
went combined surgery: one had a laparoscopic chole-
cystectomy and the other had resection of a benign
submandibular gland tumor. In the Lap-LAR group,
two patients underwent concurrent laparoscopic chole-
cystectomy. Data on these combined surgical techniques
all were included in the analyses of the colorectal cancer
surgeries.

Operative and postoperative results are shown in
Table 2. All the operations were completed laparo-
scopically in this study. The mean operative time and
blood loss were significantly greater in the Lap-LAR
group. We. did not experience accidental intestinal per-
foration at or near the tumor site. Liquid and solid
foods were started on median postoperative days 1 and 3
in both groups. The median length of postoperative
hospitalization was 8 days in both groups. No signifi-
cant differences were observed in the postoperative
course between the two groups. All the patients were
discharged to home.

The postoperative complications are listed in Table
3. There were no perioperative mortalities. The mor-
bidity rate was 13.3% (16/120) in the Lap-colectomy
group and 16.1% (5/31) in the Lap-LLAR group. How-
ever, no anastomotic leakage occurred in this study.
Reoperation of the laparoscopic division of an adhesive
band for a postoperative small bowel obstruction was
necessary for one patient in the Lap-colectomy group
(0.8%). No significant differences in complication rates
were observed between the two groups. No significant
differences were found between the two groups in terms
of CRP and WBC levels after surgery (Fig. 1). At the
end of the study period, only one patient in the Lap-
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Lap-colectomy Lap-LAR p Value

Number of patients 120 31

Sex ratio {male:female) 71:49 18:13 1.0000
Age(years) # (range) 61 (30-88) 3% (37-76) 0.3693
Body mass.index (kg/m2) » (range) 22,7 (14.9-29.6) 23.8(17.5-32.4) 0.0438
Prior abdominal surgery n (%) 28 (23.3) 14 (45.1) 0.3545
Dukes’ stage ()

A 94 23 0.5248
B 5 0

C 16 6

D 5 2

Follow-up (months) # (range) _ 13 (2-33) 14 (2-33) 0.8472
Location (1)

Cecum 15

Ascending colon 21

Transverse colon 16

Descending colon 12

Sigmoid colon 56

Rectosigmoid/upper rectum 6

Middle recturm 6

Lower rectum 19

Laparoscopic colorectal procedures (x)

Teocecal resection 15

Right hemicolectomy 27

Transverse colectomy 5

Left hemicolectomy 2

Descending colectomy 10

Sigmoid colectomy 49

Partial resection iz

Anterior resection with DST 29

Anterior resection with ISR-CAA 2

Transverse coloplasty pouch 2

Covering ieostomy 6

Values are means (range)

Lap, laparoscopic; LAR, low anterior resection; DST, double-stapling technique; ISR-CAA, intersphincteric rectal resection and handsewn

coloanal anastomeosis

Table 2. Operative and postoperative results

Table 3. Morbidities and mortality

Lap-colectomy  Lap-LAR Lap-colectomy Lap-LAR
n (range) n (range) p Value () () p value
Operative time (min) 200 (115-348) 250 (190472)  <0.0001 Mortality 0 0
Blood loss (ml) 32 (5-248) 60 (10-263) 0.0011 Morbidity
Conversion 0 0 Wound sepsis 4 2 0.4007
Liquid intake (days) -1 (1-3) 1(1-3) 0.9562 Bowel obstruction 6 1 1.0000
Solid food (days) 3(2-5) ER P 0.8291 Urjinary tract infection 3 0 1.0600
Hospital stay (days) 8 (7-20) B (7-17) 0.2520 Anastomotic leakage 0 ] 1.0000
Abscess ’ 0 i 1.0000
Values are medians (range) Pneumonia 1 0 1.0000
Lap, laparoscopic; LAR, low anterier resection Prneumothorax 1 . 0 1.0000
Pulmonay embolism 1 0 1.0000
Enterocolitis 1 0 1.0000
colectomy group experienced a recurrence (hepatic ¥§§°gem€ Bladder {l)mﬁn) ; g'ggﬁ

metastases).

Discussion

In the current study, short-term outcomes were com-
pared between patients with colon cancer and patients
with rectal cancer who underwent laparoscopic surgery.
In the Lap-LAR group, the mean BMI was found to be
significantly greater. In addition, there was significantly
more blood loss, and the mean operative time was sig-

Lap, laparoscopic; LAR, low anterior resection
* Number of patients

nificantly longer. However, the complication rates and
postoperative course between the two approaches were
similar, and no anastomotic leakage was observed. The
observed safety of Lap-LAR may have been attributable
to improved instruments and the surgeon’s proficiency.

Historically, conventional open LAR has resulted in
higher comnplication rates, and is comsidered to be an



1450

9000 -~

8000 -

WBC (cell/ul)

7000

6000

5000

2

CRP (ng/ml)

0] 1 2 3 4
b Time after operation (days)

Fig. 1. Changes in white biood cell (WBC) count (a) and serum C-
reactive protein (CRP) () levels in patients after laparoscopic colec-
tomy (H) and laparoscopic low anterior resection (€). The difference
between the two groups was not significant. Eaclr bar represents the
mean =+ standard error.

approach of greater invasiveness than open colectomy
[2]. In our study, patients were selected appropriately
and cautiously. Consequently the conversion rate was
0% in the 151 cases. As a result, in the Lap-LAR group,
laparoscopic surgery achieved a minimum invasiveness
comparable with that of the Lap-colectomy group.
Moreover, when we compared CRP and WBC as
objective markers of surgical stress in the early postop-
erative period, there were no significant differences in
either of these markers between the two groups. Instead
of expanding the use of laparoscopic surgery without
limit, it is necessary to set appropriate criteria for
selection, and then to perform laparoscopic surgery
while monitoring the safety of the procedure in properly
selected patients who can benefit from the advantages of
laparoscopic surgery.

This study demonstrated that laparoscopic ap-
proaches to rectal carcinoma do not compromise early
postoperative recovery such as days to oral feeding and
length of hospitalization. Although we did not experi-
ence anastomotic leakage, previous studies have re-
ported an anastomotic leakage rate of 5.7% to 21% for
patients who underwent Lap-LAR, and some authors
have recommended a covering stoma as a routine step in
Lap-LAR [1, 3, 5, 10, 13, 20]. For patients who are to
have a covering stoma, a surgery for stoma closure also
is needed as a matter of course. If a covering stoma,

which is not required for open surgery cases, becomes
indispensable for Lap-LAR cases, the patient’s burden
will increase. Currently, with regard to LAR, patients
are required to make a choice themselves as to whether
they will undergo open or laparoscopic surgery after
they have been given sufficient information.

Recently, laparoscopic handsewn coloanal anasto-
mosis has been reported for patients with lesions located
in the lower rectum that have more than 2 cm of distal
free margin to the dentate line [14, 18], This technique
allows a sufficient distal margin to be obtained under
direct vision to preserve the sphincter and avoid
abdominal perineal resection. However, further investi-
gation is needed regarding the oncologic and functional
safeties of this novel surgical technique.

Despite many successful reports of laparoscopic
resection for advanced lower rectal carcinoma in Wes-
tern countries, advanced lower rectal carcinoma is sel-
dom treated laparoscopicaily in Japan. Lateral pelvic
lymph node dissection combined with total mesorectal
excision remains the standard surgical procedure for
patients with advanced lower rectal carcinoma in Japan,
and lateral lymph node dissection by laparoscopy still is
an unexplored frontier.

We believe that the incidence of lateral lymph node
involvement for lower rectal cancer {13-16%) is not
negligible, and that a 5-year survival rate of 15% to 40 %
for patients with lateral lymph node involvement dem-
onstrates that some patients may be cured by extended
surgery [4, 11, 16]. In our institution, lateral lymph node
dissection by conventional open methods is performed
for tumors located in the lower rectum if the preopera-
tive tumor penetration is T3 or T4, despite perirectal '
Iymph node status, or even T2 if perirectal lymph nodes
appear to be positive. Therefore, most lesions of the
lower rectum treated laparoscopically are T1 or node
negative T2 or T3,

In this study, days to the resumption of diet after
surgery and length of postoperative hospital stay were
compared between the two groups. However, these
numeric values are less objective because they are
influenced by social factors such as judgment of the
physician in charge, clinical pass, manners, and cus-
toms. Therefore, it should be noted that these values
cannot be indicators of minimum invasiveness. Previ-
ous reports on laparoscopic surgery indicate that pa-
tients in Japan tend to remain in hospital longer than
patients in Western countries [17]. The results of the
current study in terms of postoperative stay after
laparoscopic surgery for colorectal cancer are among
the shortest reported in Japan. However, as compared
with data from Western institutions, the mean length
of hospital stay was, in fact, I to 2 days longer. This
may be attributable to the fact the 70% of the medical
costs are covered by public health insurance for every
patient in Japan. Moreover, many Japanese patients
have private health insurance that pays the patient a
specified amount of money per day of hospitalization.
In some types of insurance contract, the longer the
patient stays in hospital, the more the insurance pay-
ment is, thereby yielding greater “earnings.” Under
these circumstances, patients do not need to leave the






