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High Levels of Aberrant DNA Methylation in Helicobacter pylori —
infected Gastric Mucosae and its Possible Association
with Gastric Cancer Risk

Takao Maekita,"® Kazuyuki Nakazawa,® Mami Mihara,! Takeshi Nakajima,*2 Kimihiko Yanaoka,

Mikitaka lguchi,®

Kenji Arii,® Atsushi Kaneda,' Tetsuya Tsukamoto,* Masae Tatematsu,?

GenTamura,® Daizo Saito,? Takashi Sugimura,! Masao Ichinose,® and Toshikazu Ushijima’

“Abstract

Introduction: Risk predlctlon of gastnc cancers is lmportant to |mplement approprlate screenlng. E

“procedures. Although aberrant DNA methy!atlon is deeply invalved in gastric-carcinogenesis, its. - -

induction by, Helicobacter py!on a, strong .gastric carcinogen, is unclear. Here, we analyzed the. -

3effect ofH pylori infection on the quantity of methyiated DNA mulecu!es in noncancemus gastnc .

mucosae and examined its association with gastric’ cancer risk.: R
Experlmental Des:gn' Gastric mucosae were. col!ected from 154 healthy volumeers
(56 H. pylori negative and 98 H. pyfori positive) and 72 cases with differentiated-type gastric
cancers (29 H. pylori negative and 43 H. pylori positive) by endoscopy. The numbers of DNA
molecules methylated and unmethylated for eight regions of seven CpG islands (CGI) were
quantified by quantitative PCR after bisulfite modlfrcatton and fractlons of methylatecl molecules
(methylation levels) were calculated.

Resul¢s: Among healthy volunteers, methylatton Ievels of all the eight regions were b. 4 1o 303-
fold higher in H. pyfori positives than in A, pylori negatives (P < 0.0001). Methylation levels of the
LOX, HAND1, and THBD promoter CGls and p47AAC exonic CGl were as high as 7.4% or more in
H pylori — positive individuals. Among H., pylori - negative individuals, methylation levels of all the
eight regions were 2.2- to 32-fold higher in gastric cancer cases than in age-matched healthy vol-
unteers (P <0.01). Amonyg H. pylori — positive individuals, methylation levels were highly variable,
and that of only HANDT was significantly increased in gastric cancer cases (1.4-fold, P = 0.02).
Conclusions: It was indicated that H. pyfori infection potently induces methylation of CGls to
various degrees. Methylation levels of specific CG[s seemed to reflect gastric cancer risk in

H. pylori — negative individuals.

astric cancer is one of the most common malignancies
worldwide and remains a leading cause of cancer death in
Asia and some European countries (1). To reduce its
mortality, early detection by endoscopy and curative resection
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are important (2). However, considering the potential risk
and costs of early detection by endoscopic examination,
implementation reflecting an individual's risk for developing
a gastric cancer would be ideal. Also, endoscopic mucosal
resection, which conserves the noncancerous gastric mucosae,
is becoming popular, and the problem of metachronous
gastric cancer recurrence is being recognized {3). Again, if the
future risk of developing metachronous cancers in a specific
case can be estimated, the information will be useful in the
decision on either surgical resection or endoscopic mucosal
resection for the case.

The major etiologic risk factor for gastric cancers is
Helicobacter pylori infection, which increases gastric cancer risk
2.2- to 21-fold {4-6). In an animal model with Mongolian
gerbil chronic infection with H. pylori rarely induces gastric
cancers by itself, but markedly enhances their incidences after
initiation with a mutagen, such as. N-methyl-N-nitrosourea
(7). This promoting effect of H. pylori has heen attributed to
the induction of chronic inflammation and cell proliferation
(8). Cell proliferation increases a chance for initiated cells to
escape growth suppression and undergo further mutations.
Other risk factors for gastric cancers indude high salt intake
and smoldng {9), and a cancer risk marker incorporating these
factors is awaited.

Clin Cancer Res 2006;12(3) February1, 2006
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As an additional mechanism of gastric cancer induction by
H. pylori infection, induction of aberrant methylation was
suggested by Chan et al, {10). They observed that E-cadherin
methylation was more frequent in the gastric mucosae of
dyspepsia cases with H. pylori infection than those without. In
contrast, Kang et al. (11} did not observe a difference in the
number of methylated genes in gastric mucosae with and
without H. pylori infection. The discrepancy could be due to the
lack of quantification of aberrantly methylated DNA molecules.
Aberrant methylation in noncancerous tissues occurs only in a
fraction of cells, which is expected to be highly variable, and
qualitative analysis of methylation does not seem suitable.
Also, different CpG islands (CGI) and, even within a CGI,
different regions show different susceptibility to aberrant DNA
methylation (12), and analysis considering the different
susceptibility has not been done. Most importantly, there is
no former study regarding the relationship between the level of
aberrant methylation in gastric mucosae and risks of gastric
cancer develdopment. It seemns possible that levels of aberrant
methylation could reflect past exposure to H. pylori and other
carcinogens, and that the methylation levels could be used as a
cancer risk martker.

In this study, we aimed to clarify the effects of H. pylori
infection on the induction of aberrant methylation by
quantifying methylation levels of multiple CGIs and regions
in healthy volunteers with and without H. pylori infection.
Then, to clarify whether accumulated levels of abemant DNA
methylation are associated with a risk of gastric cancer
development, we quantified methylation levels in gastric
mucosae of healthy volunteers and noncancerous gastric
mucosae of gastric cancer cases, which are known to have an
elevated risk of gastric cancers (13, 14).

Materials and Methods

Cases, tissue samples, and DNA extraction. Healthy volunteers (82
males and 72 females) with an average age of 54.2 (range, 23-98) were
recruited with informed consents on the occasion of a gastric cancer
screening program under the approval of institutional review boards.
Cases with well-differentiated gastric cancers (60 males and 12 females)
with an average age of 67.2 {range, 37-85) were recruited with informed
consents and under the approval of institutional review boards. To
obtain a group of healthy volunteers whose average age was matched
to the cancer cases, the same number of volunteers as cancer cases
was randomly selected from each age group. The age-matched group
(35 males and 37 females) had an average age of 64.4 {range 39-91;

Table 1). H. pylori infection status was analyzed by a serum anti-
H. pylori 1gG antibody test (SBS, Kanagawa, Japan), rapid urease test
(Otsuka, Tokushima, Japan), or culture test (Eiken, Tokyo, Japan). The
sensitivities of the serum anti-H. pylori IgG antibody test and rapid
urease test are >90% of the culture test (15, 16).

Gastric mucosae were obtained by endoscopic biopsy of two standard
sites, the upper corpus and antral regions in the lessor curvature, with
sterilized biopsy forceps (Olympus, Tokyo, Japan). Gastric cancer cases
that had cancers in either of the two standard sites were excluded from the
analysis. Histologic analysis of selected biopsied materials showed that
these samples contain 40% to 80% of epithelial tissues. The samples were
frozen and stored at —B0°C. High molecular weight DNA was extracted
by the phenol/chloroform method.

Sedium bisulfite modification and quantitative methylation-specific
PCR. Bisulfite treatment was done using 500 ng genomic DNA,
digested with BamHI, as previously desciibed (17), and the treated
DNA was suspended in 40 L of TE buffer. An aliquot of 2 pL was used
for real-time PCR with a primer set specific to methylated or
unmethylated sequences. Using DNA from gastric mucosze from a
young individual without H. pyleri infection and DNA methylated with
8551 methylase {New England Biolabs, Beverly, MA), an annealing
temperature specific for a primer set was determined. Real-time PCR
was done using SYBR Green PCR Core Reagents (PE Biosystems,
Warrington, United Kingdom) and an iCydler Thermal Cyder (Bio-Rad
Laboratories, Hercules, CA). Standard DNA was prepared by cloning
PCR produds into the pGEM-T Easy vector (Promega, Madison, W1}.
The rumber of molecules in a test sample was determined by
comparing its amplification with those of samples containing a known
number of molecules {10-10° molecules). The number of molecules
methylated and unmethylated for a génomic region in a sample was
measured separately, and the methylation level was calculated as the
fraction of methylated molecules i the total number of DNA molecules
(number of methylated molecules + number of unmethylated
molecules). The primer sequences and PCR conditions are shown in
Supplementary Table 51, and standard DNA for real-time methylation-
specific PCR is available upon request.

Statistical analysis. The differences of mean methylation levels were
analyzed by using the ¢ test Welch method (both sided). Association
between the age and methylation level was analyzed by calculating
comrelation coefficients and tg values.

Results .

Quantification of methylation levels and reproducibiiity. We
analyzed methylation levels of two regions of the p16 promoter
CGI and one region of six genes (LOX, FLN¢, HRASLS, HAND1,
THBD, and p41ARC; Fig. 1A), which could be methylated in
human gastric cancers (18, 19). The two regions of pI§
promoter CGls were selected because one region (core region)

Table 1. Characteristics of the ihdivi_tjuéls analyzed -

All cases

Age matched

n (male:female)

Mean age (range)

n (male:female} Mean age {range)

Healthy volunteers

HP (-) 56 (30:26) 51 (25-91) 29 (14:18) 63 (48-91)

HP (+) 98 (52:46) 56 (23-98) 43 (21:22) 64 (39-86)
Gastric cancer cases

HP () 29 (24:5) 69 {52-85}) nfa n/fa

HP {+} 43 (36:7) 67 {37-85) n/a nfa
Abbreviations: HP (-, H. pylori negative; HP (+), H. pylori positive; n/a, not applicable.
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Fig.1. Locations of regions analyzed and repreducibility of
methylation levels. 4, CGls and regions analyzed. B, reproducibifity
of methylation levels. Two independent bisulfite modifications

(A and B, C and O) were done and four independent guantitative
PCRs were done in triplicate. The methylation levels obtained were
highly reproducible,

Mothylation leve! (3%) 3

Mathylation laval (3t}

LOX

t Lo H
core non-core

tkbp

was known to be critical for pi6 silencing but resistant to
methylation and the other region (noncore region) was known
to be susceptible to methylation but does not suppress gene
expression (12). For LOX, FLN¢, HRASLS, and HAND1, core
regions of their promoter CGls were analyzed. For THBD,
noncore region of its promoter CGI was analyzed because the
core region was not methylated at all (data not shown). For
P41ARC, we analyzed its exonic CGI, which was frequently
methylated in gastric cancers (19).

The reproducibility of the values obtained by quantitative
methylation-specific PCR was analyzed for the HANDI CGI.
Test DNA samples were prepared by mixing DNA completely
methylated by SssI methylase and that in which no methylation
was detecied at the ratios of 60%, 6%, 4.5%, 3%, 1.5%, and
0.7% of methylation. The same DNA was modified by bisulfite
on two different dates (groups A and B on the same date, and
groups C and D on the other date). Each group was analyzed by
quantitative PCR on different dates in triplicate. The resultant

wwv.aacrjournals.org
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12 values (mean * SD) for the three samples were as follows;
57.1 £3.5%,7.3 + 1.3%, 5.0 + 1.2%, 3.3 £ 1.3%, 1.6 + 0.7%,
and 0.7 & 0.5% (Fig. 1B). Therefore, methylation levels
obtained here were highly reliable when they were larger than
1.5% to 3%, and were also reliable but more number of
measures were necessary when smaller than 1.5% to 3%.
High levels of aberrant methylation in gastric mucosae with
H. pylori. Methylation levels of the eight regions were
analyzed by quantitative methylation-specific PCR in 56 H.
pylori — negative volunteers and 98 H. pylori — positive volunteers
(Fig. 2; Table 2). For all the eight CGls analyzed, methylation
levels in the H. pylori —positive healthy volunteers were
significantly and markedly elevated compared with those in
the H. pylori -negative healthy volunteers, In the corpus, the
mean methylation levels were elevated 303-fold (pi6 core
region), 20-fold (p16 noncore region), 14-fold {LOX), 11-fold
(THBD), 49-fold (FLN¢), 13-fold (HRASLS), 9.3-fold
(HAND1), and 5.4-fold (p41ARC). In the antrum, they were

Clin Cancer Res 2006;12(3) February1, 2006
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elevated 54-fold (p16 core region}, 22-fold {p16 noncore
region}, 16-fold (LOX), 17-fold (THBD), 30-fold {FLNc), 18-
fold {HRASLS), 7.8-fold (HAND1), and 5.7-fold (p41ARC).
Especially, methylation levels of LOX, HANDI1, THBD, and
p41ARC were higher than 7.4% in H. pylori - positive individ-
uals, and this unequivocal effect of H. pylori infection supported
the increases in methylation levels of the other CGls in smailer
ranges. This strongly indicated that H. pylori infection potently
induced aberrant methylation in multiple CGIs. Mean methyl-
ation levels were in the same range in the corpus and antrum.

Effect of age and sex on methylation levels. Because age-
dependent methylation was reported for various CGls (20, 21),
association between age and methylation levels of antral
mucosa was analyzed by calculating correlation coefficients,
In the 56 H. pylori ~negative healthy volunteers, correlation
coefficients (P values) for p16 core region, p16 noncore region,

LOX, THBD, FLNc, HRASLS, HAND1, and p41ARC were 0.09
(0.51), 0.23 (0.08), 0.18 (0.18), 0.26 (0.05), 0.17 (0.21), 0.34
(0.01}, 0.32 (0.02), and 0.29 (0.03), respectively. In the 98
H. pylori -positive healthy volunteers, they were 0.18 {0.08),
0.13 (0.20), —0.02 {0.85), 0.08 {0.43), —0.07 (0.49), 0.05
(0.62), 0.13 (0.08), and 0.13 ({0.20), respectively. Only
HRASLS, HAND1, and p41ARC showed very weal correlation
(0.01 < .P < 0.05) with age in H. pylori - negative healthy
volunteers, :

Because males have a twice as high incidence of gastric
cancers as females (2), we also examined the sex differences of
methylation levels. However, no significant differences were
observed between the 30 males and 26 females among the
56 H. pylori —negative healthy volunteers, or between the 52
males and 46 females among the 98 H. pylori — positive healthy
volunteers.
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Fig. 2. Higher levels of mathylation in
gastric mucosae of K, pylori — positive
volunteers than in those of H. pylor ~
negative volunteers. Methylation levels
were measured in the corpus and antrum
of 66 A pylori — negative volunteers and
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Table 2. Methylation [evels of the éev,én" CGls in H. pylori — negati\}e and H. pylori - positive individuals and in healthy
volunteers and gastric cancer cases ‘ ‘
n Mean Corpus Antrum
age
pl6  pl6 LOX FLNc HRASLS HANDT THBD p4IARC pi6 pi16 LOX FLNeHRASLS HANDIT THBD p4lARC
{core){non} (core) {non)
HY
HP{-) 56 51 00% 01% 12%00% 01% 08% 10% 21% 00% 01% 12%01% 01% 1% 08% 19%
HP{+) 98 57 0.9% 22% 160%23% 13% 74% 107% 1.2% 11% 26% 18.8%22% 15% 8.8% 142% 107%
P Q078 1072 (107 %10-"0 1077 <107* <1077 <107 1072107 107107 <107 <1078 o o™
GCC
HP{-) 29 69 02% 0.6% 8.2%06% 06% 41% 71% 66% 02% 05% 46%13% 04% 75% 55% 4.9%
HP(+) 43 67 04% 2.0% 12.7%0.8% 12% 81% 12.3% 11.5% 03% 2.5% 11.2%10% 08% 11.3% 10.2% 78%
P 0.07 «01 002 017 <O WOl 001 00T 028 004 00O 035 002 005 002 002
HP(-)
AM-HV 29 63 00% 0.2% 17% 01% 01% 10% 13% 31% 00% 02% 14%01% 01% 17% 11%  2.2%
GCC 29 69 0.2% 0.6% 8.2% 0.6% 06% 41% 71% 6.6% 02% 05% 4.6%1.3% 04% 75% 55% 4.9%
F .01 001 <001 <001 <00 001 <001 01 005 002 002003 <001 <0.01 <0.01 0,02
HP{+)
AM-HV 43 64 10% 1.9% 12.8%14% 12% 67% 9.4% 94% 08% 21% 13.8%15% 12% 78% 100% 98%
GCC 43 67 04% 20% 127% 08% 12% 81% 12.3% 1.5% 03% 2.5% 11.2%10% 08% 1.3% 10.3% 78%
P 0.03 044 048 002 048 013 007 On 007 0.38 017 003 005 002 045 012
Abbreviations: HV, healthy volunteers; GCC, gastric concer cases (noncancerous mucosae); AM-HY, age-matched healthy volunteers; non, noncore.

Association between high methylation levels and gastric cancer
development. Finally, we examined whether accumulated
levels of aberrant DNA methylation in gastric mucosae are
assodiated with a sk of gastric cancer. Methylation levels in
noncancerous gastric mucosae of 72 gastric cancer cases {29
H. pylori-negative and 43 H. pylori—positive cases) were
compared with those of 72 healthy volunteers (29 H. pylori -
negative and 43 H. pylori-positive individuals) that were
randomly selected to maich the average age and H. pylori
infection status of gastric cancer cases {Table 2).

When H. pylori ~ negative healthy volunteers and H. pylori -
negative gastric cancer cases were compared, mean methylation
levels of antral mucosae in gastric cancer cases (Fig. 3) were
significantly elevated at 4.9-fold (p16 core region), 2.3-fold
(p16 noncore region), 3.3-fold (LOX), 5.1-fold (THBD),
10-fold (FLNc), 3.9-fold (HRASLS), 4.4-fold (HANDI), and
2.2-fold (p41ARC). The same tendency was observed in
the corpus. When H. pylori - positive healthy volunteers and
H. pylori —positive gastric cancer cases were compared, varia-
tions within both groups were very large. A possibly significant
increase (P = 0.02) was observed only for HANDI at 1.4-fold.

Discussion

It was shown here that significantly higher levels of aberrant
methylation {5.4- to 303-fold) were present in multiple CGIs in
the gastric mucosae of healthy volunteers with H. pylori
infection. This finding strongly indicated that H. pylori infection
potently induces aberrant methylation in multiple CGls,
although there has been controversy {10, 11). The induction
of aberrant methylation by the strong gastric carcinogen
H. pylori is in a good agreement with the fact that tumor

www.aacrjournals.org
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suppressor genes, like pl16, E-cadherin, and hMLHI, are
inactivated more frequently by aberrant DNA methylation than
by mustations in gastric cancers (2). Aberrant DNA methylation
was shown to be present in noncancerous mucosae of
ulcerative colitis by pioneering studies (21, 22), and a role of
chropic inflammation in methylation induction has been
proposed. Because H. pylori infection also causes strong chronic
inflammation (23), the role of chronic inflammation in
induction of aberrant methylation seems very clear.

Methylation levels of all of the eight CGIs were associated
with gastric cancer risk in H. pylori -negative individuals. It
must be noted that dinical tests for H. pylori infection detect
only cument (culture and urease tests) or recemt (serum
antibody test) status of H. pylori infection and cannot detect
past exposute to H. pplori (4, 16). On the other hand,
epidemiologic studies showed that past exposure to H. pylori,
rather than current exposure, is more closely associated
with a risk of gastric cancer development and that a majority
of H, pylori - negative gastric cancer cases had past exposure to
H. pylori (5, 24).

However, methylation levels in H. pylori ~positive individu-
als were higher than H. pylori - negative gastric cancer cases, The
high methylation levels in the H. pylori ~positive individuals
are considered to drop down to various degrees when active
H. pylori infection discontinues as observed in the H. pylori -
negative gastric cancer cases. This suggests that H. pylori
infection induces DNA methylation in both stem cells, which
will persist, and nonstem cells, which will drop off the gastric
mucosae in a few days (25). I the methylation status of stem
cells is copied into the cells in the entire gland without active
induction, the methylation levels in the gastric mucosae will
reflect the fraction of methylated stem cells among the entire

Clin Cancer Res 2006;12(3) February1, 2006
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stem cell population and thus a fraction of stem cells with
increased cancer risk. It seems important to examine whether
eradication of H. pylori leads 1o decrease in methylation levels.

Mechanistic analysis of how H. pylori infection induces
aberrant DNA methylation is necessary. H. pylori infection
almost always induces chronic inflammation and cel] prolifer-
ation (8). Cell proliferation itseif has been suggested as a
promoting factor for de novo DNA methylation (21, 26). In
addition, expression of many genes is repressed during the
inflammatory processes and decreased gene expression is
lnown to promote de novo methylation (27-29). Further, it
was recently reported that stimulation of myeloma cells by
interleukin-6 increased expression of DNA methyltransferase 1
{DNMT1) mRNA expression (30).

The methylation leve] of the p16 core region was consistently
much lower than methylation levels of other CGIs. No
methylation was detected in 46 (47%) of 98 H. pylori - positive
healthy volunteers, whereas it was only 3 (3%) when the p16
noncore region was analyzed. Also, absolute levels of methyl-
ation were much higher in LOX, HAND1, THBD, and p41ARC
of H. pylori - positive individuals and H. pyleri - negative gastric
cancer cases. This suggested that extensive methylation of
multiple, and possibly preferential, CGls precedes infrequent
occurrence of methylation of a core region of a promoter CGI
of critical tumor suppressor gene(s).

As for the effect of locations within the stomach, no
significant difference in methylation levels was observed
between the corpus and antrum, regardless of H. pylori
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infection status. As for the effect of histologic changes, analysis
of limited number of samples showed methylation levels of the
eight CGIs were not associated with mucosal atrophy, intestinal
metaplasia, or degree of inflammation (data not shown). It
seems important to search for specific CGls whose methylation
levels are associated with H. pylori infection, with a gastric
cancer risk, and with histologic changes, respectively, because
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Background & Aims: Endoscopic submucosal dissection
(ESD) has recently been developed for en blo¢ resection
of stemach neoplasms, which results in high tumor
eradication rates as well as a modality for the precise
histologic assessment of the entire lesion. Application of
the technique is desirable for esophageal squarmous cell
neopiasms (SCNs), hut there have been no reports on
the use of this procedure in the esophagus. Methods: An
ESD with methods similar to those used for resections of
early gastric cancer was performed on 58 consecutive
esophageal SCNs with preoperative diagnoses of intra-
epithelial neoplasm or intramucosal invasive carcinoma
occurring in 43 enrolied patients. The therapeutic effi-
cacy, complications, and foliow-up results were
assessed. Resuits: The rate of en bloc resection was
100% (58/58), and en bloc resection with tumor-free
lateral/basal margins (RO resection) was 78% (45/58).
There was no evidence of sighificant bleeding. Perfora-
tion oceurred in 4 (6.9%) patients during the ESD, who
were managed by conservative medical treatments af-
ter endoscopic closure of the perforation. Removal of 9
(16%) tesions resulted in esophageal stricture requiring
balloon dilation after ESD. Of 40 lesions occurting in 31
patients fulfilling the criteria of node-negative tumors
{(mean follow-up, 17 months), 1. lesion resected by en
bloc resection with nonevaluable tumor-free lateral mar-
gins (Rx [lateral] resection) recurred locally 6 months
after ESD, which was treated successfully by a second
ESD procedure. Conclusions: The ESD is applicable to
the esophagus with promising results, but notification of
risk is essential.

§§glich the recent development of endoscopy and
iodine staining,"? che discovery of esophageal
squammous cell neoplasms (SCNs) indicated for local treat-
ment has increased markedly. Endoscopic mucosal resec-
tion (EMR) has been aggressively indicated for select
localized neoplasms as an alternative to esophagectomy,

especially in Japan,3 because the rates of surgical mor-
rality and postsurgical complications related to esopha-
gectomy are high.4_6 The long-term survival outcomes
after EMR in the esophagus show similar efficacy when
compared with esophagectomy for small, early-stage neo-
plasms.”"®

A large number of retrospecrive hiscopathologic anal-
yses of surgically resected esophageal SCNs showed that
noninvasive carcinoma {carcinoma in situ, ml) and in-
tramucosal Invasive carcinoma limited to the lamina
propria mucosae {zm2) without vessel infiltracion have no
lymph node or distant metastases™”'” and might be
considered targets for endoscopic resection. However,
large-sized or complex-shaped lesions might be treated
by esophagectomy, chemotherapy, or radiation therapy
because of technical difficulcies in achieving complete
rernoval of these lesions. By contrast, conventional EMR
techniques such as the “inject, lift, and cut technique” or
the “inject, suck, and cut technique” are limited in
resection size, and large fesions have ro be resected in
mulciple fragments. Moreover, the resected area cannor
be precisely controtled by the operacors, which might
lead not only to incomplete removal of even small lesions
but also to excessive non-neoplastic mucosal resection.
Unnecessary excessive resection should be avoided, espe-
cially in the esophagus, so as not to cause deformity and
stenosis of the narrow esophageal space. A newly devel-
oped therapeutic endoscopy with cutring knives, endo-
scopic submucosal dissection (ESD), was originally de-
veloped for en bloc resection of large and ulcerative

Abbreviations used in this paper: EMR, endoscopic mucosal resec-
tion; ESD, endoscopic submucosal dissection; SCN, squamous cell
neoplasm
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Vi1
i

Figure 1. ESD for esophageal neoplasms. (A} Chremoendoscopy with iodine staining to demarcate the leston from the non-neoplastic area. (B)
Marking arcund the lesion. (C) Initial mucosal incision after submucosal injection at the distal margin of the lesion. (D) Mucosal incision after
submucosal injection at the proximal margin of the lesion and subsequent submucosal dissection fram the proximal end. (£} Artificial ulcer after

removal. {F) Complete resection of the tesion in one piece.

: 11--14
neoplasms in che stomach,

and cthese techniques
bave been applied to other organs of the gastrointestinal
eract including the esophagus and coloreceum.'®™7 The
outcomes of ESD have not been reported in derail, even
in the stomach, because the long-term dara are seill being
collected. Furthermore, few studies have elucidared the
technical feasibilicy of che procedure in other gastroin-
eestinal tract organs, including the esophagus and colo-
rectum, In this study, we assessed ESD with our own
technique for esophageal SCNs with special reference to
the technical feasibility and short-term follow-up out-
comes.

Patients and Methods

Fifty-eight consecutive superficial esophageal
SCNs occurring in 43 parients were resected by ESD
between January 2002 and September 2005 at the Uni-
versity of Tokyo Hospital, Tokyo, Japan. All patients
with esophageal neoplasm who had a preoperative diag-
nosis of high-grade intraepithelial neoplasm (high-grade
dysplasia and noninvasive carcinoma) or intramucosal
invasive carcinoma were candidates for ESD. Diagnosis
was made by using chromoendoscopy with iodine stain-
ing, endoscopic biopsy, and occasionally by endoscopic

ultrasonography for suspicious lesions of submucosal in-
vasion. All patients were informed of the risks and
benefis of several creacment options including ESD,
conventional EMR, ablarion therapy, conventional sur-
gery, and radiation therapy with or without concomitant
chemotherapy, and written inforened consent to perform
ESD was cbtained from all the patiencs preoperacively.

Endoscopic Submucosal Dissection
Procedure

ESD was carried our by using a single-channel
upper gastrointestinal endoscope with a water-jer system
(XGIF-Q240M; Olympus Optical Co, Tokyo, Japan, or
EG-2931; Penrax Co, Tokyo, Japan) and a high-fre-
quency generator with an autornatically concrolled sys-
tem (ENDOCUT mode)} (Erborom ICC 200; ERBE Ele-
GmbH, Tibingen, Germany). The
transparent attachment was fitted on the tip of the
endoscope mainly to obtain a constant endoscopic view
and rto create tension on the connective tissue for che
submucosal dissection, A representative case of the pro-
cedure 1s shown 1n Figure 1.

Marking around the lesion. Lugol chromoendos-
copy was necessary before marking the lareral margin of

keromedizin
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Figure 2. (A) Flexknife. (B} Tip of the Fiexknife used for marking the circumference of the lesion. {C) Tip of the Flexknife used for the mucosal
incision and submucosal dissection. {D) The proper esophageal giands observed in the submucosal layer (arrowheads).

the lesion, which could be visualized as the border be-
tween cthe stained and unstained areas. Wich the tip of an
electrosurgical snare (thin type, SD-7p-1; Olympus, used
from January 2002-December 2002) or Flex knife (KD-
G301, Olympus, used from January 2003-September
2005) (Figure 21‘1),“‘15 dots placed about 5 mm outside
of the lesion matgin at Z-mm intervals were made to
mark the circumference of the rarget lesion. The knife
was fixed at a length of 1 mm (Figure 2B) and placed on
the mucosal surface with little tension so as not to induce
contact bleeding from che mucosa. Soft coagulation
mode {output, 50 W) was used as the electronic current.

Creating a submucosal fluid cushion. One per-
cent 1900 ke hyaluronic acid preparation (Suvenyl;
Chugai Pharmaceutical Co, Tokyo, Japan) was mixed
in normal saline (in use from January 2002-October
2003) or 10% glycerin plus 5% fructose and 0.9%
saline preparation (Glyceol; Chugai Pharmaceutical
Co) (in use from November 2003-September 2005).

The solvent solution used for the hyaluronic acid
preparation was changed because of novel knowledge
of submucosal injection solutions.'®'¥ Glyceol con-
rains sugar thar interacts with hyaluronic acid ro
increase the viscoelasticity of the hyaluronic acid so-
lution over that of normal saline. The ratio of Glyceol
and Suvenyl was also changed from a 1:3 ratio (used
from January 2002—March 2004) to a 1.7 ratio (used
from April 2004 -September 20035) as a result of tech-
nical advances. To clarify the area of the submucosal
injection, to distinguish clearly between the muscle
layer and the submucosal layer, and to produce higher
hemostatic ability, indigo carmine and epinephrine
were added to the solution at concentrations of
0.005% and 0.0005%, respectively. About 2 mL of
the solurion was injected into the submucosal layer ar
a time, and the injection was repeated a few times
until the mucosa that was intended to be incised was
lifted ro an acceptable level.
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incising the mucosa outside the lesion. After
lifting the lesion, & mucosal incision was made with the
tip of an electrosurgical snare (thin type) or Flexknife.
The knife was fixed at a length of 2 mm (Figure 2C) and
gently pressed onto the mucosa to produce a curting
effect by using the ENDOCUT mode with effect 2
(ourput, 60 W). The distal half of the mucosal incision
was completed first, followed by the proximal half,

Dissecting the submucosal layer beneath the le-
sion. Before incising the entire circumference of the
lesion, dissection of the submucosa was begun from the
area in which the mucosal incision was completed to
keep from flartening cthe lifted area as the procedure
progressed. When a proper esophageal gland was ob-
served during dissection, it was important to dissect at a
level deeper than the gland to prevent resection with
tumor-exposed basal margins (R1 {basal] resection) (Fig-
ure 23). The principal knife used for the submucosal
dissection was the same length as that used for the
mucosal incision wich forced coagulation mode (output,
40 W), and in difficuit dissections che Hookknife (KD-
620LR; Olympus)™ was also used in combination with
the principal knife. To control bleeding, hemostatic for-
ceps (SDB2422; Pentax or Coagraspers FD-410LR;
Olympus) were used in soft coagulation mode (outpur,
50 W), These hemostatic devices have a narrow opening
angle, a small cup, and a blunt edge thar lock similar to
small-sized hot-biopsy forceps. After pinpoint holding
and mechanical compression, electrocoagulation is easily
performed to obtain hemostasis. The water-jet system
supplies a continuous jet of water at high pressure, which
easily and swiftly washes away any blood obstructing the
visual field, allowing identification of the vessel that is
bleeding.

Treatment of artificial ulcer after endoscopic sub-
muceosal dissection. After resection of the lesion, visible
vessels of the resulting artificial ulcer were treated with
the hemostatic devices in soft coagulation mode {output,
30 W) to prevent delayed bleeding. Finally, sucralfate
was sprayed onto the base of the ulcer by using the outer
sheath of a clipping device that was inserted into the
inserument channel of an endoscope boths to confirm the
hemostasis and to coat the surface of the ulcer.?’

Three hours after ESD, patieats were permirtted to
drink a small amount of water. The next day, if che
patient’s symptoms, laboratory findings, and chest x-ray
were untremarkable, a light meal was permitted, and che
patients were discharged within 1 week. If complications
occurred, the schedules were changed according to the
individual patient’s condition.
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All evaluations of esophageal SCNs were petformed
according to the Parls classification and revised Vienna
classification.?*™** To aid in the oriencation, thin,
curled-up ESD specimens were flattened and fixed at
their periphery with thin needles pinning them to an
underlying cork board before the specimens were im-
mersed overnight in 10% formalin. The fixed specimens
were then sectioned serially av 2-mm incervals parallel to
a line that included the closest resection margin of the
specimen, so that the resecced margins and invasion
depth could be assessed accurately. The sectioned mate-
rials were embedded in paraffin to make histologic sec-
rions that were stained with hematoxylin-eosin and were
examined microscopically. The patients who had a his-
topathologic diagnosis of invasive carcinoma deeper than
the lamina propria mucosae (the muscularis mucosae
[m3], or the submucosa [sm} and/or vessel infilcration or
incomplete resection on the basal margins, resection with
noncvaluable tumor-free basal margins [Rx (basal) resec-
tion}, or resection with tumor-exposed basal margins
[R1 (basal) resection]) were recommended for additional
treatments such as esophagectomy wich lymph node
dissection or radiation therapy with or without chemo-
therapy for possible lymph node metastases. Even if the
histopathologic evaluation revealed that the lesions ful-
filled the criteria of node-negative tumors but were in-
completely resected on the lateral margins, resection
with nonevaluable cumor-free lateral marging (Rx [lac-
eral] resection), or resection with cumor-exposed lateral
margins (R1 [lateral] resection), the patients were fol-
lowed without additional treatments because the burn
effects on the resecred tissue or arrifactual problems with
processing the resected tissue sometimes made a precise
histopathologic  evalvation of the lateral
difhcule.

Follow-up endoscopy with iodine staining was usually
performed aboue 2 months after ESD to confirm healing
of the postprocedure ulcers and to exclude the presence of
residual tumors, then again at about 6 months and 12
months afrer ESD, followed by annual endoscopic exam-
inations to check for local recurrence and/or a second
primary lesion for cases fulfilling the criteria of node-
negative tumors. The existence of distant or lymph node
metastases was evaluated wich compured romography
and endoscopic ultrasonography indefinitely.

margins

Resuilts

The clinicopathologic features of the inciuded
patients are shown in Table 1. All the lesions were
resected in an en bloc fashion. En bloc resection with
tumor-free lateral/basal margins (RO resection) was ac-
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Table 1. Clinicopathologic Features of the Esophageal

SCNs
Na. of SCNs

Mean size, mm (range) 24 (2-66)
Location Ce/Ut/Mt/LL/Ae 077 /29/17/5
Circumference of the <i/2/1/2 to <3/ 39/12/7

esophageal lumen 4/>=3/4
Macroscopic type ila/lb/lic/le + lla 2/20/35/1
Histologic depth Dysplasia/mi/m2/ 18/24/8/11/4/3

m3/smi/sm2

Vessel infiltration Presence/absence 7/51

NOTE. The terms of macroscopic type and histologic depth are derived
from reference 22. Ce, cervical esophagus; Ut, upper thoracic esoph-
agus; ML, middle thoracic esophagus,; Lt, lower thoracic esophagus;
Ae, abdominal esophagus; lla, superficial, elevated type; llb, flat type;
lic, superficial shatlow, depressed 1ype; mil, intraepithelial carcino-
ma; m2, microinvasive carcinoma {invasion threugh the basement
membrane); m3, intramucosal carcinoma (invasion to the muscularis
mucosae) smi, superficial invasion (less than 200 wm below the
muscularis mucosae) in the submucesa; sm2, middle invasion (more
than 200 gm below the muscularis mucosae) in the submucosa.

complished in 45 of the 38 dissected lesions (78%)
(Table 2). The mean resection size was 38 mm (range,
1172 mm), and the mean lesion size was 24 mm (range,
2—66 mm). The small lesions for which conventional
EMR seemed to be applicable in terms of lesion size were
treated by ESD because of the single piece resection with
coexisting lesions located nearby, or the existence of
scarring caused by previous chemotherapy, radiation
therapy, or endoscopic treatments. Fifty-three lesions
(919%) were located in the thoracic esophagus, and 39
lesions {67%) were spread over less chan half of che
ciccumnference of the esophageal lumen. Forty lesions
(697%) (8 dysplasias, 24 m1, and 8 m2) were considered
node-negative cumors by histopachologic evaluations of
the ESD specimens.

Minor bleeding was encountered in all the dissections
when incising the mucosa or dissecting in the submuco-
sal layer, but hemostasis was achieved with thermocoag-
ulation and without the use of clips during the proce-
dure. A mean change in hemoglobin levels hetween
pre-ESD and post-ESD of —0.22 g/dL (range, —1.5 to
+1.3 g/dL) was observed, and che hemoglobin levels
dropped by more than 1 g/dL in 7 (16%) of the 43
patients. No patient experienced massive hemorrhage
requiring a blood transfusion or a postprocedure emer-
gency endoscopy.

Perforation, which was diagnosed by endoscopic find-
ings of tearing of the proper muscle layer, occurred in the
dissection of 4 (6.9%) lesions, and all cases of perforation
were accompanied by pneumomediastinum. The size of
all 4 perforations was less than 5 mm, which was mea-
sured by comparison with the tip of an electrosurgical
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knife. After immediate closure of the perforations by
endoscopic clipping and completion of ESD, conservative
rreacenents wich intravenous antibiotics and allowing no
oral intake were prescribed by che primary physician whe
advised the patients and their family after informed
consent, Leukocytosis returned to within a normal range
after a few days without any evidence of mediastinitis in
all che patients wich perforation. Re-feeding was begun
gradually wich pureed foods, and antibiotics were sub-
sequently stopped. Endoscopy or fluorography was not
performed to confirm the complete sealing of the perfo-
ration before beginning oral feeding because all the
perforations were treated wich immediate closures with
clips. Pneumomediastinum  disappeared sponcancously
within a week in all the patients, which was confirmed
by chest x-ray. All perforations occurred before July
2003, before the technicues and experience with esoph-
ageal ESD were completely established. No patients ex-
perienced  paeumomediastinum  withour  perforation,
which was confirmed by chest x-rays taken after ESD.

Nine lesions in 9 (16%) patients required several
(median, 3; range, 1-16) sessions of periodic balloon
dilatation after ESD for esophageal stricture, which was
repeated every 1-2 weeks afrer dysphagia was recog-
nized. ESD for 7 lesions that spread over more than three
fourths of the circumference of the esophageal lumen,
which required semicircular or complete circular resec-
tion, caused esophageal stricture requiring balloon dila-
tation. All the postprocedure strictures were successfully
managed endoscopically.

Of 40 lesions in 31 patients that fulfilled the criteria
of node-negative tumors, 22 lesions in I8 patients were
successfully followed in our hospital for more than 6
months by endoscopy. The reasons for excluding the
ather lesions from the follow-up analysis were due to 4
with concurrent lesions that required additional treat-
ments, § were followed up at another hospital, and 6 had

Tahle 2. En Bloc Resection Rate and Histologic Margin of
the Resected Specimens

Lesions
n %
En bloc resection 58 100
RO resection 45 78
R1 {lateral} resection (tumor extending 5 8.6
to lateral marging)
R1 (hasal) resection (tumor extending 2 3.4
to basal margins)
Rx (lateral) resection (not evaluable [¢] 10
for lateral margins)
Rx (basal} resection (not evalugbie for 0 0

basal margins)

—152—



June 2006

a follow-up duration of less than 6 months. During a
mean follow-up duration of 17 months (range, 6-36
months), only 1 noninvasive carcinoma with Rx (lateral)
resection (4.5%) recurred locally 6 months after ESD as
neninvasive carcinoma, This lesion was completely re-
sected by a second ESD, and an addirional follow-up of
12 months’ duration revealed no further local recurrence.
No lymph node or distant metastases were observed.

Of 18 lesions in 16 patients with concomitant risks of
nodal merastases, 6 lesions in 5 patients were closely
followed up without additional treacment because of the
patient’s decision. All of these lesions were intramucosal
invasive carcinomas into the muscularis mucosae (m3),
and only 1 lesion had lymphatic vessel infiltration, which
increased the possibility of nodal metastasis. During a
mean follow-up of 15 months’ duration (range, 6-23
months), the lesion with lymphatic vessel infiltration
recurred in the regional lymph nodes 18 months afrer
ESD as a nonresectable, recurrent tumor. The parient was
followed with computed tomography every 6 months
and with annual endoscopic ulirasonography. The lymph
node swelling was not detected by endoscopic ulera-
sonography and computed tomography 6 months before
its detection.

Discussion

To show the efficacy of the ESD procedure for
esophageal SCNs, 2 aspects, the cechnical feasibility of
the procedure and follow-up data showing the efficacy of
the procedure, have to be considered. Although the
duration of follow-up is short, the presenc study shows
that no patient with esophageal SCNs that met the
criveria of node-negative tumors postoperatively treated
with ESD experienced recurrence excraluminally. One
noninvasive catcinoma with Rx (lateral) resection re-
curred locally in the epitheliai layer, but it was success-
fully treated by a second ESD procedure. Our data sug-
gest that ESD can be a successful treatment for
esophageal SCNs fulsilling the criteria of node-negative
twmors. Furthermore, considering the lack of complica-
cions, ESD could be a relatively safe procedure for most
patients. The perioperative mortalicy rate was zero, and
the most serious postoperative complication was benign
stricture of the esophagus, which was successfully treated
with balloon dilatation. Although 4 patients had small
peeforations, these were managed successfully without
surgical rescue. We emphasize again that all the perfo-
rations occurred during the early peried of this study
before the procedure was perfected, and no further per-
forations have occurred for more than 2 years. The esoph-
agus is one of the most accessible sites for any instru-
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mentation and is fixed in the retromediastinum. Hence,
the endoscopic approach is easier, and the technical dif-
ficulty is less chan chat for other gastrointestinal organs
such as the stomach and colon. When we master the
strategy for the esophagus, ESD might be safely per-
formed in this location because the other serious com-
plication, namely bleeding, is also considerably less than
that observed in che stomach.

The major drawbacks of conventional EMR such as
strip biopsy?® and EMR with cap”® are local recurrences,
which are reported in up to 20% of EMR series.”” The
reason why esophageal SCNs created by convencional
EMR recur locally at such a considerable frequency is
unknown, but we speculate chat one of the reasons is
multifragmental resection by EMR, which might leave
tumor cells between the spaces of resected mucosa and
which is impossible to evaluate through the histology of
the resected specimens. Another possibility might be che
incomplete resection of ductal extensions of tumor cells
into the proper esophageal glands, Ir is known from
thorough histologic analysis that ductal extension of
tumor cells in the proper esophageal glands has no risk of
nodal metastases, which is considered to be noninvasive
carcinoma even if the rumor cells are observed in the
submucosal layer.®® Both situations are preventable by
applying ESD for local treatment rather chan conven-
tional EMR, because the en bloc resection allows for a
check of the tumor matgin, even when the lesion has a
complex shape or a large size, and ductal extension of
tumor cells into the glands can removed by resecting the
subrnucosal connective tissues beneach the proper esoph-
ageal glands with direct endoscopic views.

In summary, this study shows that ESD is a promising
technique that is not limiced to the stomach, buc it can
also be used for the resection of esophageal SCNs after
refinement of the technique. However, furcher evaluation
and assessments of case series are necessary before ESD
can be widely accepted as a standard endoscopic treat-
ment for esophageal SCNs.
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Nonparasitic Solitary Giant Hepatic Cyst Causing
Obstructive Jaundice was Successfully Treated
with Monoethanolamine Oleate
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Abstract

A T7-year-old man hospitalized for epigastric pain showed jaundice of the skin and conjunctivae. Labora-
tory tests revealed elevated hepatobiliary enzymes and inflammatory markers, and imaging studies demon-
strated a 12 cm hepatic cyst compressing the common bile duct, The diagnosis was a giant hepatic cyst caus-
ing obstructive jaundice. Cyst drainage and sclerotherapy with 5% monoethanolamine oleate was performed
twice, resulting in almost complete disappearance of the cyst. Obstructive jaundice due to a hepatic cyst, as
seen in this case, is relatively rare and this report includes a review of other similar cases in Japan,

Key words: hepatic cyst, obstructive jaundice, monoethanolamine oleate
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Introduction

Case Presentation

Hepatic cysts are usually asymptomatic but may occasion-
ally present as abdominal pain, nausea, vomiting, and ab-
dominal distention (1, 2). However, even in symptomatic he-
patic cysts, obstructive jaundice is rarely seen. Sanfelippo et
al (3) reported obstructive jaundice in only two of 82 pa-
tients with hepatic cysts. Recent trends in the treatment of
symptomatic hepatic cysts, except in cases of acute rupture,
hemorrhage or where cancer is suspected, include cyst
drainage followed by drug injection (sclerotherapy). Ethanol
and minocycline are often used as sclerosing solutions, and
more recently, monoethanolamine oleate has been used with
good results (4-6). We recently encountered a patient with
obstructive jaundice due to a hepatic cyst who was success-
fully treated with sclerotherapy using monoethanolamine
oleate. This case is presented here, together with a discus-
sion of the related medical literature.

A 7l-year-old man was referred to our hospital because
of persistent epigastric pain. His past history was unremark-
able except for appendectomy at age 18 and pulmonary tu-
berculosis at age 75. Physical examination on admission
showed the patient to be lucid and afebrile, His blood pres-
sure was 152/84 mmHg and pulse rate 87 bpm, The abdo-
men was soft and slightly distended, with mild tenderness in
the upper abdemen. There was no rebound, guarding, hepa-
tosplenomegaly, palpable masses, or lower exiremity edema.
Laboratory findings on admission revealed elevated hepato-
biliary enzymes and inflammatory markers (Table 1), uri-
nalysis was positive for bilirubin, and abdominal ultrasound
showed a large cystic lesion in the right hepatic lobe
(Fig. 1). The lesion contained no septum or calcifications,
and the intrahepatic bile ducts in both hepatic lobes were di-
lated. Abdominal computed tomography confirmed the pres-
ence of a large cystic lesion 12 cm in diameter (Fig, 2a),
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Table . Laboratory Data on Admission
Urine Blood chemistry
Protein =) AST 430 TUA Na 142 mEg/1
Sugar ) ALT 492 IUA K 3.5 mEq/
Qecultblood () T-GTP 6921UA1 Cl 106 mEg/1
Bilirubin H) LDH Mo 161 BUN 26 my/dl
Peripheral blood ALP 1884 FUM Cr 0.9 mg/dl
WBC 10400 /mm® T.B4 7.0 mg/dl | T.Chol 214 mg/dl
Neutro 75.6% D.Bil 60 mg/di TG 49 mg/dl
Lym 17.1% Mo 62% AMY 721U PT/INR 101
Eo 09% Ba 02% e 6.5 g/dl APTT 26.1 sec.
RBC 468x10* /mm’ Alb 4.1 g/l CEA 2.2 ng/ral
Hb 14.7 gidl Ch-E 274 TUN CAl19-9 10 Uiml
Ht 44 % CRP 28mydl [HBsAg ()
Pit 25.2x10* fovm? ESR 25 mm/hr | HCV Ab (-}
which showed no enhancement with contrast medium

(Fig. 2b). Both Tl- and T2-weighted magnetic resonance
images of the lesion showed homogeneously high signal in-
tensity as compared with normal liver parenchyma
(Fig. 32 and b). Magnetic resonance cholangio-
pancreatography indicated the presence of a large spherical
lesion near the confluence of the right and left hepatic ducts
that was compressing the intrahepatic bile ducts and keeping
them separate from the common bile duct (Fig. 3c). Endo-
scopic retrograde pancreatocholangiography revealed down-
ward compression of the common bile duct, gall bladder,
and cystic duct (Fig. 4). The intrahepatic bile ducts could
not be visualized on endoscopic retrograde pancreatocholan-
giography. No flow of contrast medium was detected in the
cystic lesion, and neither gall stones, tumors, nor abnormali-
ties of the pancreatobiliary duct could be identified. On the
basis of these findings, a diagnosis was made of obstructive
jaundice due to a giant hepatic cyst.

On day 15 after admission, about 600 mL of fluid was
drained from the cyst by means of transcutaneous transhe-
patic drainage. Repeat abdominal ultrasound showed almost
complete disappearance of the cyst (Fig. 5). Sixty milliliters
of 5% monocthanolamine oleate was then injected, the pa-
tient was placed in different positions for 30 minutes, after
which the monoethanolamine oleate was aspirated. On the
following day the drainage tube was removed. The fluid
drained from the cyst was reddish-brown and serous, with
cell counts of less than 100 (cells could not be classified), a
specific gravity of 1.019, negative Rivalta test result, and cy-
tologically identified as class [. Bacteriologic cultures of the
cyst contents were megative, but cyst fluid tumor markers
were markedly elevated: CEA, 94.7 ng/mL; CAI9-9, =
5,000 U/mL; CAl125, 1,159 U/mL. Despite the initial almost
complete disappearance of the cyst, regrowth was noted 28
days after the first drainage (Fig. 6), and a second drainage
was thus performed. Drainage of about 300 ml. of fluid fol-
lowed by injection of 60 mL of monoethanolamine oleate
resulted in disappearance of the hepatic cyst and resolution
of the abdominal pain. On days 33 and 41 after admission,
serum transaminase and total bilirubin, respectively, were
within normal limits. On day 41 after admission, the patient

was discharged from hospital. He has since shown an un-
eventful course with no recurrence of the hepatic cyst.

Discussion

The prevalence of hepatic cysts is 0.1 to 0.3% (3) based
on autopsy studies and 2.5% based on ultrasound examina-
tions (7). Hepatic cysts have been classified by Henson et al
(8) into four types: congenital, neoplastic, inflammatory, and
traumnatic, Congenital hepatic cysts are further categorized
into solitary and polycystic cysts, The findings of the pre-
sent patient are consistent with a solitary untlocular cyst.

For diagnosing a hepatic cyst, it is important to rule out
hepatic cystadenoma or cystadenocarcinoma. Imaging study
findings that suggest a cystadenoma or cystadenocarcinoma
include the presence of solid elements with enhancement on
contrast computed tomography (9). In the present patient,
none of the imaging studies showed solid elements, and no
enhancement was seen on contrast computed tomography.
The diagnosis in this case was therefore a simple hepatic
cyst. Laboratory findings on admission showed elevated he-
patobiliary enzymes and inflammatory markers. In addition,
serum transaminase was elevated, but normalized after cyst
drainage. Since other causes of an elevated serum trans-
aminase level were absent, this elevation was considered to
be caused by obstructive jaundice.

Typical magnetic resonance imaging findings of a hepatic
cyst include the same signal intensity as water (10), that is,
homogeneous low signal intensity on Tl-weighted imaging
and homogeneous high signal intensity on T2-weighted im-
aging. However, our patient had homogeneous high signal
intensity on both T1- and T2-weighted images, which sug-
gests intracystic hemorrhage or a high protein concentration.
This, combined with the reddish-brown color of the drained
cyst fluid, indicates that the patient may have been suffering
intracystic bleeding, which caused cyst enlargement prior to
the development of symptoms, even though findings of ab-
dominal ultrasound and abdominal computed tomography
were not typical for intracystic hemorrhage.

Markedly elevated tumor marker levels have been re-
ported even in histologically diagnosed simple cysts (11,
12). TIwase et al (13) reported CA19-9 levels in hepatic cyst
fluid at least 100 times higher than in normal serum concen-
trations. The present patient also had markedly elevated cyst
fluid tumor marker levels, and imaging studies indicated a
simple cyst.

Solitary nonparasitic cysts of the liver causing obstructive
jaundice were first reported in 1950 by Caravati et al (14).
In connection with the findings for our patient, we reviewed
reports of similar cases in the Japanese and English medical
literature. We found a total of 51 patients with the following
characteristics: mean age, 65.8+15.2 years (range, 29 to 90
years); male to female ratio, 7:6; cyst size, 12.5x5.1 cm
(range, 2 to 30 cm); and total bilirubin, 10.2+7.7 mg/dL
(range, 1.5 to 31.5 mg/dL). Twenty-nine patients were
treated surgically and 22 were treated non-surgically. Of the
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