Parforation noticed endoscopically during ESD

- Drain any massive intra-abdominal air collections

Perforation first noticed on radiography after ESD

Figure 1 Algorithm for the management of
perforation related to endoscopic submuco-
sal dissection.

Distinguish defayed perforation from immediate

- Closure by endodips perioration without any obvious hole by assessment
clinical symptoms and laboratory data
Success Failure Immediate Delayed
Assess patient's condition Surgery Assess patient's condition Surgery
Fair Poor Fair Poor
Conttin
ES'DUE Stop Surgery
to complete ESD
procedure procedure
- Call surgeon ~ Intravenous antibiotics
- Nil by mouth ~ Hourly review of clinical symptoms

~ x Nasogastric tube insertion

Improving Deteriorating

- Resume £50 if ESD has not already been completed
~ Recommence oral intake
- Stop antiblotics

Surgery

Table1 Demographic characteristics of the 27 patients who de-
veloped a perforation during endoscopic submucosal dis-
section procedures and the clinicopathological features of
their tumors

Mean age (range), years
Sex, maleffernale
Site of the tumeor, n
Esophagus 4
Stomach {cardiafbodyfantrum) 14 {1/13{8)
Colon {cecum/ascending/transversefsigmoid) 7 (212{211)
fRectum’ 2

65 (54-76)
23/4

Mean tumor size {Fange), mm 28.6 (8 -50)
Depth of tumor, n
Adenoma 2
Mucosa 16
Submucosa 9
Submucosat fibrosis, n
Present 7
Absent 20
Vesse! infiltration, n
Present 3
Absent 24

clinical observation and by monitoring of laboratory indices and
did not undergo immediate endoscopy for endoclipping. The re-
sults for these three patients the morning after ESD were: mean
body remperature 37.0°C (range 36.8-372°C); mean white
biood cell count 9.7 x 103/mm? (range 8.5~ 11.5 x 103/mm?3); and
mean C-reactive protein 1.2 mg/dl (range 0.9-1.4 mg/dl). They
did not have any abdominal symptoms. The clinical course was
uneventful in these patients, who were started on a nil-by-

- Check laboratory indices 12-hourly

mouth regime, peripheral fluid replacement, and intravenous
antibiotic therapy. Second-look endoscopies in these patients,
performed 3 days, 5 days, and 5 days post-ESD, revealed no de-
fect on the ESD uicer bases, which were well covered by exudate,
and oral feeding was restarted.

The short-term outcomes after perforation are summarized in
Table 2. Of the 27 patients, 21 (78%) showed air in the perito-
neum, retroperitonium, mediastinum, or in all three sites. All
the patients were successfully managed by conservative treat-
ments without any deterioration in their clinical condition and
were discharged from the ward after a mean time of 12.1 days
after ESD. Three representative cases are illustrated in Fig-
ures2-4.

Among the 27 patients who had perforations, nine lesions (four
esophageal, five gastric) were diagnosed histologically as being
potentially associated with nodal metastases {due for example
to subrnucosal massive invasive carcinoma or carcinoma with
vessel infiltration). Seven of these patients received additional
treatments such as chemoradiotherapy or gastrectomy/esopha-
gectomy with lymphadenectomy. Open surgery revealed no dis-
semination of tumor ceils into the intramediastinal or abdominal
space in any patient. The other two patients were followed up
without receiving additional treatment and in both cases the
cancer eventually recurred: one gastric submucosal invasive car-
cinoma recurred locally as advanced carcinoma 32 months after
ESD, and one esophageal intramucosal carcinoma with vessel in-
filtration recurred in the regional lymph node 18 months after
ESD. It was considered that there was no relationship between
recurrence and perforation. The other 18 neoplasms that had a
low probability of nodal metastasis have not recurred after a me-
dian follow-up period of 36 months {range 9-52 months).
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Table2 Short-term outcomes after perforation

Ailr accumulation, n

None 6
Peritoneum 15
Retroperitoneum 1
Mediastinum 4
All three sites 1

Mean duration of intravenous antibiotic treatment 6.7{1-12}
(range}, days

Mean duration of nil-by-mouth regime (range), days 5.3 (2-8}

Mean maxirmum body temperature {fange), °C 37.3{36.5-38.9)
Mean maximurm WBC count {range), cells x 103fmm?3 9.7 (4.7-16.8)
Mean maximum CRP (range), mgfd] 5.0(0.15-14)
Timne from ESD to discharge from the ward (range), days  12.1(7-18)

CRP, C-reactive protein; ESD, endoscopic submucosal dissection; WBC, white
blood cefl.

IHSC SN

Traditionally, it is believed that all perforations should be treated
by open or laparoscopic salvage surgery, with closure of the per-
foration and an intensive intra-abdominal favage with a large vol -
ume of physiologic saline. However, this study demonstrates that
it might be possible to treatiatrogenic perforations caused by ESD
(in the esophagus, stomach, and colorectum) nonsurgically. From
the few case series reported previously that have described the
successful nonsurgical management of perforations caused by
therapeutic endoscopy, it has emerged that the therapeutic ap-
proach and the prognosis after perforation depends in general on
the adequacy of cleansing of the gastrointestinal tract, the length
of time between the perforation event and the diagnosis, the size
and the characteristics of the perforation, and the presence of un-
derlying disease [13 - 16]. With these factors in mind, perforation
during ESD may be suitable for nonsurgical treatment and may
carry a better prognosis for the following two reasons: firstly,
ESDis mainly performed in patients who would tolerate open sur-
gery with general anesthesia after overnight fasting and intensive
cleansing of the target organs; and, secondly, the perforation is
noticed as soon as it occurs and the size of the perforation is very
smali (i.e. less than 5 mm, a so-called “miniperforation™), and can
easily be closed by a few endoclips.

However, the situation may be quite different with colonic per-
forations, and we should act with caution in such cases because
perforations here may lead to severe peritonitis, with a lot of bac-
teria pouring into the peritoneal cavity. The main reason why we
were able to manage all the perforations in our series, including
the colonic perforations, without recourse to surgery could have
been that we never performed ESD unless the preparation of the
gastrointestinal tract was fairly goed, and because we were able
to achieve immediate and complete closure of the perforation by
endoclips before large amounts of fluid had escaped into the
peritoneum.

Three of our stomach perforations were first detected after ESD
by the appearance of free air on a plain chest radiograph. The
ESD had been completed in all three patients without any sign
of perforation, the stomach wall extended well during ESD, and

Figure 2 Endo-
scopic view of the
mid-esophagus,
showing a perfora-
tion (arrow} seen
during submucosal
dissection {a), and
the view after closure
of the perforation by
endoclips {b). The
chest radiograph
showed pneumome-
diastinum and subeu-
taneous emphyserna

{(c).

no perforation was noticed on careful observation of the post-
procedure ulcer base after tumor resection. The mechanism
leading to the appearance of the free air is unknown, but we
speculate that the air might have passed through the small holes
formed by an injection needie that had been placed too deepiy or
through tiny muscle tears occurring during the submucosal dis-
section which were not seen endoscopically. These small holes
may close sporntaneousiy after the deflation of air from the stom-
ach and they could be managed without mechanical closure of
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Figure3 Endo-
scopic view of the
gastric body, show-
ing a perforation
(arrow) that occurred
during the mucosal
incision {a), and the
view after closure of
the perforation by
endoclips (b). The
abdominal radio-
graph showed pneu-
moperitoneum {c),

the perforation. Although these cases were clearly distinguish-
able from delayed perforation, which is considered to be a differ-
ent entity, by the unremarkable nature of the clinical symptoms
and laboratory indices, patients with free air whose features are
indistinguishable from those of delayed perforation should
usually be sent for surgery without delay because the perfora-
tion would otherwise remain unsealed for a prolonged period
and because an additional endoscopic attempt to close the defect
may worsen the prognosis.

Figure 4 Endo-
scopic view of the
transverse colon,
showing a perfora-
tion (arrow) that oc
curred during sub-
mucosal dissection
{a), and the view
after closure of the
perforation using en-
doclips (b). The chest
radiograph showed
preumopetitoneum

(c).

‘We make it a rule to perform radiography routinely the morning
after ESD in all standard cases without a recognized perforation
during ESD in order to check for air accumulation and other ab-
normalities. The reason why we do not obtain radiographs im-
mediately after ESD is that patients undergoing ESD for upper
gastrointestinal neoplasia are in a drowsy state for a few hours
because of the sedation. However, it may be preferable to obtain
radiographis as soon as possible after ESD in order to distinguish
immediate perforation without a hole from delayed perforation,
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at least in patients undergoing ESD in the colorectum, whose
procedure is usually performed without sedation.

On the other hand, we encountered six perforations (three in the
stomach, two in the colon, and cne in the rectum) without any
radiographic evidence of air accumulation. These cases might
have been misdiagnosed and overtreated, but a muscle tear was
obvious in these cases and extraluminal fat or extraluminal space
was observed endoscopicatly through the small hole {1 mm or
less}in the muscle layer. We speculate that the perforation might
have occurred into the omental sac or subserosalfintrapelvic fat
tissues and that immediate closure prevented radiographically
obvious air accurmulation in these cases.

Although we were able to successfuily treat ail the perforations
that occurred during ESD using endoscopic clips and conserva-
tive treatments, there must be limitations to the use of nonsurgi-
cal management, and there are prerequisites for a successful out-
come, The first is that the perforation is smail enough that it can
be closed by endoclips (i.e. less than 1 cm) [16,22]. The second is
that the contents of the gastrointestinal tract are as clean as pos-
sible, and that the amount of material escaping into the abdo-
men or mediastinum is minimized. The third prerequisite is
that the perforation is completely sealed by expert intervention-
al endoscopists, and the fourth is that there should be no dete-
rioration in clinical symptoms and laboratory indices, which
should be intensively monitored by experienced surgeons. If
even one of these conditions is not fulfilled, the patient should
be sent for surgery without delay.

In summary, this study demonstrates that when the perforation
is very small and immediate closure of the perforation is
achieved by endoclips, nensurgical management of ESD-related
perforation using intensive conservative treatments is a feasible
option. However, intensive monitering is essential for at least the
first few days, and it is imperative that we do not delay surgery to
the point where the patient’s clinical condition has begun to de-
teriorate.
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Absiract: Argon plasma coagulation (APC) is considered to be a
safe thermocoagulation techmique, but some reports show
perforation and deformity during and after APC. In this study,
we investigated the usefulness of prior submucosal injection for
APC. APC over the mucosa was performed on fresh resected
porcine esophagus, stomach, and colon with prior submucosal
injection of normal saline (injection group) and without it
{control group). The depth of tissue damage increased linearly
with pulse duration up to the shallower submucosal layer in
both groups. After that, tissue damage in the injection group
remained confined to the shallower submucosal layer under any
condition, whereas that in the control group continued to
extend. The tissue damages of the injection groups were
significantly (P <0.05) shallower than those of the control
groups that reached the deeper submucosal layer in all the
organs. Submucosa!l injection of normal saline before the
application of APC may limit tissue damage and prevent
perforation and deformity.
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rgon plasma coagulation (APC) has been available in

flexible endoscopy since 1991 and applied to the
treatment of various conditions, such as hemorrhages,
malignant and benign tumors, tissue ingrowth and
overgrowth of stents, angiodysplasias, dysplasia, etc.!
The advantages of APC have been controllable depth of
coagulation (0.5 to 3mm)** and a low rate of perforation,
reported to be less than 0.3% in clinical practice.
Adverse effects of APC are extremely low in comparison
with laser therapy,” but it is desirable to gain more
accurate depth control to prevent deep ulceration,
stricture due to tissue damage, and, of course, perfora-
tion. In our own experiments with the exposed sub-
mucosal layer with prior submucosal injection of normal
saline, that is, a model of artificial mucosal defect made
immediately after endoscopic mucosal resection, APC
caused only subtle superficial damage on the submucosal
layer.® This result indicated that submucosal injection of
normal saline can control tissue damage up to the
shallower submucosal layer, even if APC was applied
over the mucosal surface. To confirm our speculation, we
performed this study using fresh resected porcine
esophagus, stomach, and colon.

MATERIALS AND METHODS

Porcine esophagus, stomach, and colon used for this
study were obtained within 2 hours after resection. Five
milliliters of normal saline was injected into the sub-
mucosal layer at separate sites of esophagus, stomach,
and colon, using a disposable syringe and a 23-gauge
needle, and then the application of APC over the mucosa
was performed. In the stomach, 3 parts (the lower,
middle, and upper thirds) were each independently
examined because the thickness of the gastric wall and
its proportion varied among different parts of the organ.®

The equipment for application of APC consisted of
a high-frequency generator (Erbotom ICC 200), an
automatically regulated argon source {(APC 300), and a
flexible APC applicator, 2.3 mm in diameter. All of them
were products of ERBE Elektromedizin, Tiirbingen,
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Germany. The power and argon gas flow were set at 40 or
60 W and 1 or 2 L/min, respectively, for the stomach, and
40 or 60 W and 1 L/min, respectively, for the esophagus
and the colon, typical settings used in clinical procedures.
Pulse duration was adjusted as follows: 2, 4, 8, and
20 seconds for the esophagus and the stomach; 2, 4, and
8 seconds for the colon. A pulse duration of 20 seconds
was not examined in the colon, because the thinner wall
had been perforated with this pulse duration in a pilot
study. We determined that pulse duration up to 8 seconds
was sufficient to detect the difference in tissue injury in the
colon. As distances of 2mm or less between a probe and
tissue are necessary to produce a coagulation arc, a fixed
distance of 2mm at a 90-degree angle was used. For the
controls, the application of APC over the mucosa without
prior submucosal injection was also examined with the
same instrument settings.

After the application of APC, the specimens were
cut on the points of coagulation, fixed with formalin, and
embedded in paraffin. A histologic section was made from
each block and stained with hematoxylin eosin and
examined microscopically for tissue damage. The depth of
damage was categorized as follows: m, up to the mucosa;
mm, up to the muscularis mucosae; sm shallow, up to the
shallow submucosal layer; sm deep, up to the deep
submucosal layer; mp shailow, up to the shallow proper
muscle layer; mp deep, up to the deep proper muscle
layer. In the case of the esophagus, the category m was
further divided into ep, up to the mucosal epithelium and
Ipm, up to the lamina propria mucosae. For the stomach
and the colon, the added category ss, up to the subserosal
layer, was included to indicate the deepest structural
damage. Each category was scored on a scale from 1 to 7,
with the shaliowest (ep or m) ranked as 1 and the deepest
(mp deep or ss) ranked as 7. Four trials of coagulation
were performed at different parts of the same organs or
compartments under each condition and mean scores
were compared between the injection groups and the
control groups. Statistical analyses between the 2 groups
under each condition were performed by using the Mann-
Whitney U test and a P value < 0.05 was considered as a
significant difference.

RESULTS

Coagulation arc was produced consistently under
all the examined conditions and coagulation damage was
observed on the applied areas. Figures 1A to E show
the depth of tissue damage under each condition in the
individual organs. Figure 2 shows the representative
histologic findings of the applied areas under the
maximumn power {60 W), the highest argon gas flow (1
or 2 L/min), and the longest pulse duration (8 or 20sec)
in each organ. The depth of tissue damage increased as
pulse duration increased in both the injection group and
the control group, unti! tissue damage extended to the
shallower submucosal layer. However, after that, tissue
damage in the injection group was limited to only the
shallower submucosal layer, even though pulse duration
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increased in all the organs. In contrast, tissue damage in
the conirol group increased linearly until maximally
reaching the deeper submucosal layer in the gastric
middle and upper thirds, and reaching the proper muscle

_layer in the esophagus, the gastric lower third, and the

colon. The depths of tissue damage of the imjection
groups were significantly (P < 0.05) shallower than those
of the corresponding control groups where tissue damage
extended to the deeper submucosal layer in all the organs.

DISCUSSION

Previous experimental studies of APC suggested
that deep tissue destruction leading to perforation was
rare’” and the clinical experiences with regard to
endoscopic alpplications also supported the rarity of
perforation.™® However, those studies indicated that
tissue damage to the proper muscle layer could occur,
which might lead to stricture or deformity of the
gastrointestinal tract and could also cause functional
disturbance of the sphincter or in the peristaltic move-
ment. Furthermore, in some reports, there is the
possibility of severe complication caused by APC.!'12
In the present study, we could limit tissue damage to the
shallower submucosal layer in all the applied organs with
whatever instrument settings were used, and thus,
submucosal injection of normal saline may become an
essential preparation for endoscopies. In fact, tissue
damage up to the shallower submucosal layer is sufficient
to treat most lesions indicated for the application of APC.
Although the small intestine was not examined under the
same settings in this study, prior submucosal injection
may also be beneficial, because the wall is thinner and the
risks of proper muscle injury or perforation are higher
than for the other organs in the gastrointestinal tract.

Differences in tissue damage without prior injection
may originate mainly from differences in the wall
thickness and in the proportions of the wall components.
Among the organs examined in this study, the deepest
tissue damage was observed in the colon under the same
conditions as applied to the other tissues, probably
because the colonic wall, including the mucosa and the
submucosa, is much thinner than that of the other organs.
Among the parts of the stomach, the deepest tissue
damage was observed in the upper third at a 2-second
pulse duration, which may also be caused by the thinness
of the mucosal wall. On the other hand, the increment of
tissue damage that occurred as pulse duration lengthened
was the least in the upper third of the stomach, which may
be due to the thickest submucosal layer acting to absorb
heat, much like the submucosal injection of normal saline
in the porcine model.

Notably, this study showed that depth of injury in
the control group barely reached the proper muscle layer.
This may mean that perforation will not occur even in the
control group. However, this study was carried out with
resected materials and we did not examine the thermal
effects for the nearby tissue without coagulation in
this study. Another study wusing a living animal and

© 2006 Lippincott Williams & Wiilkins
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A;'gon Plasma Coagulation With
Submucosal Injection
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FIGURE 1. Correlation between the depth of tissue damage and pulse duration. The mean depth of the 4 observations is
indicated as bars with a standard deviation in each condition. *m, the mucosal layer; ep, the epithelial layer; Ipm, the lamina
propria mucosae layer; mm, the muscularis mucosae layer; sm, the submucosal layer; mp, proper muscle layer. A, Esophagus.
B, Gastric upper third. C, Gastric middle third. D, Gastric lower third. E, Colon.

observation of at least a few days after the application of
APC is necessary to examine the safety of long-time
application of APC. In fact, we occasionally experience
an unexpected extension of tissue destruction in clinical
practice, which caused deeper and larger ulceration or
severer deformity. On the other hand, too little tissue

© 2006 Lippincoit Williams & Wilkins

destruction may result in insufficient therapeutic effects.
The extent of tissue damage in a living body may be
influenced by various factors; for example, blood flow,
inflammation as host factors, or the volume of inflated air
and also the technical factors of the applied angle or
distance between an applicator and tissue. Submucosal
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FIGURE 2. Histologic section showing tissue damage under the maximum values of watts, rate of argon gas flow, and pulse
duration in the control group (top) and the injection group (bottom). Tissues were stained with hematoxylin eosin; original
magnification x 10 (esophagus and stormach), x 20 (colon). A, Esophagus (60W, 11/min, 20sec). B, Gastric upper third (60 W,
2L/min, 20sec). C, Gastric middie third (60W, 2L/min, 20 sec). D, Gastric lower third (60W, 2L/min, 20sec}). E, Colon (60W,

1L/min, 8sec).

injection of normal saline may prove very useful to
obtain sufficient results at any encountered situation,
without the fear of extensive damage into the proper
muscle layer.

The changes of power and argon plasma flow
caused only minor differences on tissue damage (Fig. 1),
suggesting that the most important parameter affecting
tissue damage is pulse duration under the generally
applied conditions. Although we tried only 2 power
settings, 40 and 60 W, and 2 argon plasma flow rates,
1 and 2L/min, the results of this study suggest that the
fower settings of 40 W and 1 L/min may be recommended.
We should choose an argon gas flow rate of 11/min,

310

especially in a narrow space, such as the esophagus and in
the small and large intestines.

Although we used normal saline as the injection
fluid in this study, additional use of epinephrine or
substitution of hypertonic saline or glucose solutions
might be preferred in, for example, the case of hemostasis.
This study suggests that there are numerous means to
optimize the submucosal injection solutions to obtain the
desired results. Further experimental and clinical studies
will be needed to elucidate the advantage of other fluids
compared with normal saline.

In conclusion, submucosal injection of normal saline
before the application of APC in the gastrointestinal

© 2006 Lippincort Williams & Wilkins
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tract may limit tissue damage to the shallower submucosal 5
layer. We believe that the procedure could prevent wall
deformity or perforation, especially in the organs with a
thin wall such as the small and large intestines. Saline
submucosal injection should be tested to determine
whether it can become the standard preparation before

the application of APC in humans. 7.
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Shift workers have been reported to have an increased risk of some cancers. However, the risk of prostate
cancer in shift workers is not known to have been examined previously. This study prospectively examined the
association between shift work and risk of prostate cancer incidence among 14,052 working men in Japan enrolled
in a large-scale prospective cohort. A baseline survey was conducted between 1988 and 1990. Subjects were
asked to indicate the most regular work schedule they had undertaken previously: day work, rotating-shift work, or
fixed-night work. During 111,874 person-years, 31 cases of prostate cancer were recorded. The Cox proportional
hazards model was used to estimate the risk, with adjustments for age, family history of prostate cancer, study area
surveyed, body mass index, smoking, alcohol drinking, job type, physical activity at work, workplace, perceived
stress, educational level, and marriage status. Compared with day workers, rotating-shift workers were significantly
at risk for prostate cancer (relative risk = 3.0, 85% confidence intervak: 1.2, 7.7), whereas fixed-night work was
assoclated with a small and nonsignificant increase in risk. This report is the first known to reveal a significant
relation between rotating-shift work and prostate cancer.
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workers and fixed-night workers compared with day work-
ers (21). In the analysis, relative risks were adjusted for age
only and for age, study area, and family history of prostate
cancer. Relative risks were further adjusted for the lifestyle-
related factors and the occupational and psychosocial fac-
tors listed in table 1. Missing values for adjusting variables
were treated as an additional category. The assumptions for
the Cox proportional hazards model wera checked by using
the goodness-of-fit testing approach and were found to be
valid. Calculations were performned with Stata version 8.0
(Stata Corporation, College Station, Texas) and SPSS ver-
sion 12.0 (SPSS, Inc., Chicago, Illinois) statistical software.

Approval

This study was approved by the Ethics Committee for
Medical Care and Research, University of Occupational
and Environmental Health, Japan, and the Ethical Board
of the Nagoya University School of Medicine, Japan.

RESULTS

Table 1 shows the baseline characteristics of the study
subjects according to type of work schedule. Of the
14,052 men, 11,269 (80.2 percent) reported day work, 982
(7.0 percent) reported fixed-night work, and 1,801 (12.8
percent) reported rotating-shift work. Compared with those
who had engaged in day work, men who had performed
rotating-shift work reported a higher prevalence of high
body mass index (>23.9 kg/m?; 34.4 percent vs. 30.8 per-
cent), sitting work (48.4 percent vs. 28.1 percent), and in-
door work (44.5 percent vs. 38.6 percent) and a lower
prevalence of office work (14.3 percent vs. 22.7 percent).
The prevalences of family history of prostate cancer (0.8
percent vs. 0.3 percent), current smoking (55.4 percent vs.
53.8 percent), current alcohol drinking (75.6 percent vs.
78.0 percent), frequent stress (15.3 percent vs. 13.2 percent),
higher educational level (higher than high school; 51.1 per-
cent vs. 52.3 percent), and marriage (89.3 percent vs. 90.7
percent) revealed no differences in magnitude.

Table 2 shows the results of the Cox proportional hazards
model analysis. Compared with that for the day workers, the
age-adjusted relative risk for the rotating-shift workers re-
vealed a significant increase (RR adjusted for age = 3.0, 95
percent CI: 1.2, 7.3). For the fixed-night workers, a slight
increase was observed but was not significant (RR adjusted
for age = 1.7, 95 percent CI: 0.5, 5.9). Adjustments for
study area, family history of prostate cancer, body mass
index, smoking, alcohol drinking, job type, physical activity
at work, workplace, perceived stress, educational level, and
marriage status did not significantly alter these results
(rotating-shift work: RR adjusted for age, study area, and
family history of prostate cancer = 2.5, 95 percent CI: 1.0,
6.2; RR adjusted for age, study area, family history of pros-
tate cancer, body mass index, smoking, alcohol drinking, job
type, physical activity at work, workplace, perceived stress,
educational level, and marmiage status = 3.0, 95 percent CL:
1.2, 7.7 and fixed-night work: RR adjusted for age, study
area, and family history of prostate cancer = 1.5, 95 percent

CI:0.4,5.3; RR adjusted for age, study area, family history of
prostate cancer, body mass index, smoking, alcohol drinking,
job type, physical activity at work, workplace, perceived
stress, educational level, and marmiage stams = 2.3, 95 per-
cent CE: 0.6, 9.2).

Table 3 shows the characteristics of the prostate cancer
cases according to type of work schedule. Between day
workers and rotating-shift workers, there were no differ-
ences in mean age at baseline (58.5 years vs. 59.3 years),
mean number of years of follow-up (6.7 vs. 6.3), mean age
at endpoint (65.2 years vs. 65.6 years), family history of
prostate cancer (one case for each work schedule), and mean
body mass index at baseline (22.8 kg/m? vs. 21.6 kg/m?).

MSCUSSION

We found a significant increase in prostate cancer risk
among rotating-shift workers. This result supporis the hy-
pothesis that shift work is a risk factor for prostate cancer.
To our knowledge, this is the first report to reveal the asso-
ciation of rotating-shift work with prostate cancer.

The melatonin pathway, which is closely linked to circa-
dian rhythms, is most frequently implicated in the observed
increase in tumor incidence among shift workers. Secretion
of the hormone is low during daytime, increases soon after
the onset of darkness, peaks in the middle of the night, and
gradually falls until morning. The hormone has been re-
ported to affect circadian rhythms and exhibit both hypnotic
and antineoplastic effects (9). Several possible mechanisms
have been proposed regarding tumeor growth inhibition by
melatonin. Melatonin may suppress tumor growth by down-
regulating transcription, secretion, or activity of growth fac-
tors; it may stimulate the immune system through increased
production of interleukin-2 and interleukin-4 by T-helper
cells; lastly, it may protect DNA against oxidative damage
by scavenging free radicals (9), Among shift workers, it has
been proposed that an elevated risk of cancer may be due to
a phase shift and reduced secretion of melatonin, resulting
from a dismuption in circadian thythms (22-24). In terms of
prostate cancer, previous studies showed that melatonin
could directly inhibit proliferation of cultured prostate can-
cer celis (25). The melatonin pathway may therefore be
relevant to prostate cancer incidence among shift workers.

The effect of sex hormones may be secondary to melato-
nin. Melatonin suppression is believed to increase the level
of sex hormones (9, 24). Among female shift workers, in-
creased levels of estradiol and low levels of melatonin have
been reported (22). An interrelation between melatonin and
testosterone has also been suggested for males (26), so high
levels of testosterone due to low levels of melatonin could
also be hypothesized in male shift workers. The growth and
differentiation of the prostate is under androgen control
(12); therefore, this pathway should attract attention as a rel-
evant mechanism.

Decreased exposure to daylight is known to be a risk
factor for prostate cancer (27, 28). This link was explained
by decreased production of vitamin D due to reduced ex-
posure to ultraviolet rays. The biclogically active form of
vitamin D, 1a,25-dihydroxyvitamin Ds, has been reported
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TABLE 2. Relative risk of prostate cancer assoclated with work schedule, Japan Collaborative Cohort Study for Evaluation of Cancer

Risk, 1988-1997

No. of No. of Age adjusted Multivariate adjusted
Work schedule : :
person-years cases RR* 95% ClI* p value RA1 95¢% Gl pvalue RR# 95% CI p value
Daytime 89,178 21 1.0 1.0 1.0
Fixed night 8,272 3 1.7 05,58 0.387 1.5 04,53 0.534 23 0.6, 82 0.231%
Rotating shift 14,623 7 3.0 1.2, 7.3 0.018 25 1.0,6.2 0.043 3.0 1.2, 7.7 0.020

* AR, relative risk; G, confidence interval.
+ Adjusted for age, study area, and family history of prostate cancer.

% Adjusted for age, study area, family history of prostate cancer, body mass index, smoking, alcohol drinking, job type, physical activity at work,

workplace, perceived stress, educational level, and marriage status.

to inhibit proliferation of prostate cancer cells (29, 30). In
shift work, daylight exposure is shortened, so elevated risk
could be explained through this pathway. In our studies,
however, rotating-shift workers, whose exposure to daylight
is longer, had a higher risk compared with fixed-night work-
ers, whose exposure is relatively shorter. Effects on circadian
rhythms were suggested to be more serious for rotating-shift
workers compared with fixed-night workers (31). Disrupting
the circadian rthythm in rotating-shift workers may therefore
have a greater effect on tumorigenesis than shortening ex-
posure to daylight.

The scientific field of chronotoxicology examines the bi-
ologic cycle of susceptibility to chemical toxicity (32). The
toxicity of many chemical agents was reported to vary with
circadian change, and the possibility was suggested that
susceptibility to chemical agents may increase at night in
humans (4, 32). Occupational exposure to chemical agents
such as cadmium and manganese is suspected to increase
the risk of prostate cancer (33, 34), so these agents may have
a stronger influence among shift workers, Exposure to these
chemicals is considered rare, however. Thus, the relevance
of chemical toxicity to this study is questionable.

Diet is also known to play a role in prostate cancer.
A Western diet, which is relatively high in fat and meat,
may contribute to higher prostate cancer risk (12). We ex-
amined confounding dietary factors, including meat, vege-

tables, fried foods, milk, and butter, but adjustment for these
covartates did not alter the results (data not shown).

An association between prostate cancer and obesity has
not been established in spite of repeated studies. However,
obesity has been hypothesized to be a risk factor for prostate
cancer because of the connections between body size and
testosterone (35). Shift workers are known to be a high-risk
group for obesity (4). In the current study population,
rotating-shift workers showed a higher distribution of the
highest body mass index compared with daytime workers
(table 1). High body mass index among shift workers might
confound the result. However, there was no significant dif-
ference in baseline body mass index between the prostate
cancer cases in day work and in rotating-shift work (table 3).
In addition, the significant association between rotating-
shift work and prostate cancer was still observed after we
adjusted for body mass index. Therefore, the effect of obe-
sity, or at least body mass index at the time of the baseline
survey, on the cumrent study appears limited.

Limitations of our study

Important limitations of our study should be discussed.
First, in terms of ascertaining the risk of prostate cancer, the
follow-up time was short and the cohort was relatively
small. Although this study had enough power to show the

TABLE 3. Characteristics of prostate cancer cases according to type of work schedule, Japan
Coliaborative Cohort Study for Evaluation of Cancer Rigk, 1988—1887

Wark schedule

Characteristic p value
Daytime Fixed night Rotating shift

No, of cases 21 3 7
Beath cerificate only 1 0 o]
Mean age in years at bassline {standard deviation) 585 (6.4) 53.7 {4.0) 59.3 (5.4) 0.39*
Mean no. of years of follow-up (standard deviation} 6.7 (3.0} 5.6 {2.6) 6.3 {2.5) 0.82%
Mean age in years at endpoint (standard deviation) 65.2 (6.6) 59.3 (1.8) 65.6 (4.8) 0.27*
No. of cases with a family history of prostate cancer 1 0 1 0.601

Mean body mass indext at baseline (standard deviation)

228 (2.0) 21.9(0.8)  21.6(20) 033+

* Derived from analysis of variance.
1 Derived from the chi-square test.
 Weight (kgy/height (m)®.
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Reduction in gastric cancer mortality by screening based on serum
pepsinogen concentration: A case-control study
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Abstract

Objective. Pepsinogen resting is widely used in Japan as a method of screening for gastric cancer. To evaluate the efficacy of
this method, a case-control study was conducted in a rural town in Hiroshima prefecture, Japan, where no previous .
pepsinogen testing had been performed. Material and methods. Three age-and gender-matched control subjects were
randomly selected for each of 41 individuals who had died of gastric cancer. The three control subjects were selected from
individuals who were living in the same area as the patient when gastric cancer was diagnosed. Results. The odds ratios for
death from gastric cancer among control subjects screened within 1 and 2 years before the individuals were diagnosed versus
those not screened were 0.238 (95% confidence interval (CI): 0.061-0.929), and 0.375 (95% CI: 0.155-0.905),

respectively. Conclusions. The study results suggest that gastric cancer screening using the pepsinogen method may reduce
mottality from gastric cancer.

Key Words: Gastric cancer, mortality, pepsinogen, screening

Introduction ‘ which affects serum concentration of pepsinogen
(PG), is the major risk factor for arrophic gastritis
{8-10]. Many gastric cancers develop in areas of
severe and extensive atrophic gastritis [11-14]. We
have reported a high prevalence of gastric neo-
plasms in populations with atrophic gastriris diag-
nosed on the basis of the serwm PG concentration
{15]. Thus, serum PG measurement.can be applied
as a gastric cancer screening method [16-20]. The
accuracy of PG testing in comparison with photo-
fluorography or endoscopy or with follow-up study
has been reporred [15-20]; however, there have
been no reports on the effectiveness of such screen-
ing in reducing the number of deaths from gastric

Gastric cancer is a major cause of cancer death in
many countries, including Japan. However, the
mortality rate for gasiric cancer has been decreasing
in Japan, partly because of the introduction of mass
screening programs [1]. The validity of indirect
phorofluorography, which is the conventional
screening method used in Japan, has been recog-
nized {1-5], but indirect photofluorography is
associated wirth certain drawbacks, such as exposure
to radiation and the need for specially trained
technicians and special equipmeni, which limit its
use. Therefore, simpler and more effective screening
strategies for gastric cancer are needed. cancer. In the present case-control study, we

Helicobacter pylori (H. pylori) infection can cause evaluared the relation berween testing and mortality
gastric inflammation, and glandular arrophy [6,7], due to gastric cancer.
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