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SUMMARY

Background: Few data are available on the cfficacy of
second-line H. pylort eradication regimens.

Aim: To compare the efficacy of either omeprazole or
ranitidine in a second-line quadruple regimen in
pattents with duodenal ulcer or crosive ducdenitis.
Patients aited methods: A total of 37 patients with erosive
dundenitis and 119 with ducdenal uleer who have
failed eradication of H. pylori with double or triple
regimens, without metronidazole. were  randomly
assigned 1o receive (ripotassium dicitrato bismuthate
A00 mg t.d.s. + metronidazole 500 mg tds. + telra-
cycline hydrochloride 500 mg (.ds. combined with
either omeprazeole 20 mg b.d. (group Q. 78 paticnts)

INTRODUCTION

The pathogenic role of Helicobarter pylori in chronic
active gastritis and #ls association with duodenal ulcer
discase in 93-99% of patients is well cstablished.’
Therefore the 1994 Nalional Institute of Health (NIH)
consensus development conference recommended the
eradication of H. pyleri in all patients with documented
peptic ulcer discase.” The ideal cradication regimen
remains elugive; previously used double regimens

Correspondance Lo: Dr 8, Michopoulos, 35 Lahana St 11367 Athens,
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@ 2000 Blackwell Science Ltd

or ranilidine 300 mg b.d. (grovp R, 78 paticnts) lor
14 days. H. pyleri eradication was verified by histology,
rapid urease test and ' 'C-urea breath test.

Statistics: t-tesl. x*-fest.

Results: A total of 143 patients had a post-treatment
endoscopy. Fradication rates were: infention-to-treat:
group (0 77% (67-87), group R 76% (66—85), P = (0.E5;
per prolocol analysis: group O 86% (77-93). group R
82 (71-93), P =1.58. Side-cllects were [requent but
mild,

Concfusions: Omeprazole 20 mg bd. and ranitidine
300 mg b.d. were coually effective as antisecretory
agents combined in a second-line quadruple eradication
regimen.

{omeprazole plus amoxycillin) had a success rate
ranging from 30 to 80%.°

The aim of this study was to compare the efficacy of
ecither omeprazole or ranitidine combined in a guad-
ruple regimen including tripotassium dicitrato bismuth.
metronidazole and tetracycline hydrocloride as a sec-
end-line trealment in patients with erosive duodenitis or
duodenal uleer in whom a non-metronidazole-based
anti-H. pylori therapy had previgusly failed. Carrenily
used cradication regimens show clficacy ranging from
80 to 95%." Quadruple therapy comprising a proton
pump ichibitor in combination with bismuth triple
therapy appears to produce the highest eradication rates
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{96%: range 92-97%), when used as first line treat-
ment.* Cimetidine or ranitidine comprised 0 quadruple
regimens seem to be cqually effective {93%).% On the
other hand quadruple therapy comprising famotidine in
combination with bismuth friple therapy succeeds in
89% of H. pylori positive patients.® The reasons for
quadruple therapy failure are unclear, but compliance
and metronidazole-resistance are thought to be import-
anl.” Persistent H. pylori infection is presumably more
difficult to cure: Few and surprisingly small-scale studies
dealing with second-line cradicalion therapy have been
published.® ' Maastricht comsensus recommendalions
for triple eradication therapy failures supported the use
of quadruple therapy as second-linc treatment choice.'”

PATIENTS AND METH(DS

Consecutive paticnis ranging in age from 18 Lo
RO yeurs. with erosive duodenitis or duodenal uleer
who had failed 1o cradicate H. pglori with double or
triple regimens. but without metronidazole. were
enrolled in the study for the time period between
March 1 1995 and February 28 1998, afler verbal and
written informed consent had been obtained.

Frosive duodenitis was defined as the presence of
multiple superficial erosions (morc than five) in the
duodenal bulb. lined with fibrin, and all of them with
@ diameter smaller than 5 mm. cn an cedematous,
erythematous and friuble mucosa. Lesions larger than
5 mm were considered to be dundenal uleers.

A single antral specimen was laken for rapid urease
test {CLO-test, Ballard Medical products, Osborne Park,
Western Aunstralia), Additionally. four biopsies were
taken at the baseline endoscopy (at [east 4 weeks after
finishing the first {ine Lreatment) for histological exam-
mation (two antral and two corporal). Both histopathe-
logical resulls and rapid urcase tlest were positive at
baseline endoscopy.

Patients were excluded i they had known allergy to one
of the drngs to be used, if they had current complications
of ulcer disease (perforation, active bleeding or pyloric
stenosis) and if they needed maintenance treatment with
omeprazole. Additional exclusion criteria were: liver or
kidnev discases: severe cardiac or pulmonary discases:
alcobolism; drug abuse or any other conditions associ-
ated with peor patient compliance; suspected or con-
firmed malignancy; pregnancy: and breast [ceding.
Patients on non-stercidal anti-inllammatory drugs or
acetylsalicylic acid, on a daily basis, were excluded.
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Directly alter confirmation of first line treatment failure.
patients were randomly allocated to quadruple therapy
with tripotassium diciirato bismuathate 600 mg t.d.s. {De
Nol, Gerolymatos, Greece-tablets of 300 mg correspond-
ing to 120 mg Bi:x0:). tetracycline hydrochloride
300 mg  tds.  {(Hostacweline  Hoechst,  Germany).
metronidazole 500 mg td.s. (Flagyl Rhone Poulenc
Rover, France) and either omeprazole 20 mg b.d. (Losec
Astra. Sweden). group 0. or ranittdine 300 mg bd.
{Zantac Glaxo, Greece), group R lor 14 days. The
antisccrelory agent was continued in half a dose for
another 28 days. Tripotassium dicitrato bismuthate was
taken belore meuls. antibiotics with meals and antise-
cretory agents 135 min belore breakfast and dinner for
days 1-14 and before dinner for days 1 5-42 (halla dose).
Randomization was non-blinded. Rapid urcase test
reading and histological evaluation were both performed
by personnel unaware of the prescribed regtmen.

Patients reccived both a verbal and a written expla-
nation about the rationale of antibiotic treatment and
the importance of complying with the regimen. They
were advised to take skipped doscs as an extra dose in
the evening of the same day. The use of alcohel was
discouraged. Paticnts were pre-warned about  side-
clfects and asked to communicate with the gast-
roenterology unit before abandoning treatment.

H. pylori assessmenl was also perlormed 4-6 weeks
alter the end of treatment by histopathological exam-
ination and rapid urcase test.

For histopathologicul examination, hacmatoxylin/
eostn and modified Giernsa stained biopsy samples of
the antrum (n =2} and the corpus (n— 2} were
cxamined. One antral biopsy was embedded in a rapid
urea Llest [CLO test) lor urease detection and read after
2 and 24 h, Two hours positive reading was regarded
as positive. while 24 h negative reading was regarded
us negative. Twenty-four hour positive results were
regarded as cquivocal and considered as negative only
if histology was negative.

H. pylori infection was considered to be present il both
histopathological results and rapid urease test were
positive and defined as being eradicated if both histe-
pathelogy and rapid urease test were negative. For
contlicting results, as well as for paticnts that refused
endoscopy. | 'C-uren breath test (Helicobaeter test INFAL
INFAL-Institut fur Biomedizinische Analytic & NMR-
Imaging GmbH. Bochum, Germany) was performed,
following the instructions of product manufacturer,
3-6 months after the end of treatment. Patients with

@ 2000 Blackwell Science Lid, Aiment Pharmcol Ther 13, 737- 744
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a positive ’C-urea breath test were considered io be
treatment [ailures (a commercial product was used).
Sample analysis was performed using isotope ratio mass
spectromelry. Helicobucter inlection was considered to be
present when the 30-min value of '*C exceeded the
baseline-value by 0.4%.

Thus patients without contradictory results by hoth
rapid urcase test and histology had an evalualion 4-
6 weeks after the end of the treatment, while those with
conflicling results were followed-up {or up to 6 months
alter treatment completion.

The treatment outcome was assessed by intention-to-
treat and per protocel analysis. All patients who received
the treatment, regardless of their eligibility for the study,
were included in the safety analysis. The intention-to-
treat population included all patients who had taken at
least ome dose of study medication. [t was assumed that
. pylori had not been eradicsted if the patient did not
relurn for post-treatment endoscopy and ' *C-urea breath
test. The per protocel popolatiom included only those
eligible patients who had had endoscopy afler lreatment.
The x‘)—tesl was used when comparing group differences
and eradication rales between groups. The student’s
{-iest was used to determine dilferences between mean
values, A P < (0,05 was considered 1o be statistically
significant. Univariale analysis were performed 1o assess
risk factors for H. pylovi eradication faifures.

The medical ethics committee of the
approved the study design.

institution
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RESULTS

A total of 156 patients were included in the study and
randomiy assigned to the triple therapy plus omeprazole
{group 0. n— 78) and triple therapy plus ranitidine
{group K, n = 78) groups, respectively. Eighty had
received a double regimen {omeprazole 2{) mg b.d. and
amoxiciline 500 mg g.ds. for 13 days, OA) and 76 a
triple regimen (omeprazole 20 mg b.d., amoxiciline 1 g
b.d.. clarithromycin 500 mg b.d.. 0AC). Baseline char-
acteristics of the pattents are shown in Table 1. No
differences were identifled hetween group R and group
0. including the sub-group ol patients who refused
endoscopy hut accepted the urea breath test.
Follow-up was available for 71 patients who received
the triple therapy plus omeprazole regimen {group O.
91% follow-op) and 72 who received the triple therapy
plus canitidine regimen {group R, 92% Dbllow-up). [0
57 patients out of 71 from group O and 50 out of 72
from group R. a post-treatment endoscopy was
performed. Another 36 patients (14 lrom group G
and 22 from group R) relused post-treatment endos-
copy but accepied the '*C-urea breath tesl, Twenty-
nine paticats (11 from group O. 16 rom group R} did
20 hecause they fell well and did not wish to proceed
wilh vne more endoscopy, while seven (three from
group ), four from group R refused endoscopy
because they felt disappointed by the persistence of
SYIMPLOms.

Tahle 1. Demographic and dinical data of patients incleded in the study

All patients

Demographic/clinical Triple therapy + Triple therapy +

characteristics omeprazole (it = 78] ranitidine (n= 78 P
Mean age-vears (s} 47 (44-304 49 (4H- 311)
Male/lemale 44/34 4335
Smvkers/ion-smokers 3444 353/43
Al Condne Al Con* 7Tl 7H03
Previous treatments 40738 41138
DAOQAC
Initial diagnosis
Frosive ducdenitis 19 18
Duedenal uleer 59 613
Additional diagnoses
{Jesophapitis ]
Gastric uleer 11 13
Ercsive gastritis 7

Endocopy refused

Triple therapy -
omeprazole (r = 148

Triple therapy +
ranitidine {n = 229 P

0.13 038

46 [18-54) 49 (42-54)

87 1] 12710 .49
nRy 77 11/11 100
0493 1713 4/18 .33
1.060 7T 112 .79
.83 4 3 .27
0.835 10 19

.54 1 2 .52
.60 1 G .14
.79 2 {} 007

*Ale Contny Ale Con: every day aleohal consuomers/alcoliel nen consumens, Triple therapy + omeprazole®/Triple theeapy + ranitidine™; The
resuits for patients who accepted 2 urea breath tesl bul refused endoscopy are presented.

B 20000 Blackwell Science Ltd, Aliment Pharmacal Ther 14, 737- 744
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Cured ever all  Triple therapy

Triple therapy

Table 2. Eradication of H. pylori on basis
of intention-to-treat. per protocoet analysis

percenlage plos omeprazole  plus ranitidine P -
. — . _. - . uned inilial treatment
All patients
Intention-to-treat 77 (70-83) 77 (B7-B7) 76 {00-R5} (.85
in= 1536
Per protoce] analysis 84 (77-%1) &6 (TH-95) 82 {71-93} 0.58
in = 107}
Patients received OA as first line treatment
Intention-lo-lreat 77 {68-87) 78 104-91) 7R (691) 1.00
{n =50
Per prowcol analysis 83 (72-93) B {73100 BRI (A7-9T) (.95
in =137
Patients received DAC as st ne treatment
TIntention-to-treal 75 [B5-R5) Fbh2-41) 74 {58-88) 0,79
{n = 7b}
Per protocol analvsis B3 (73-94) 837 172-1001 RO (RI-97] 0158
{n=33

Triple therapy +
Tnitial endoscopic diagnosis omeprazole [95% CT)

Duedenal vleer

Triple therapy +
ranitidine {(95% i P

Table 3. Cradication of H. pylori on basis
of intention-to-treat, per protocol analysis
and initial endoscopic diagnosis

Inlention-te-loeat (1= 119} 80 [64-40) 70 (S8-82) 022

Fer protocol snalysis in = 831 BB [7H-47) 74 [59-EH) 0.14
Erosive dundenitis

Intention-to-treal (n = 35) 68 {435-91) 44 (R0-100 {L06

Fer protocol analysis {m = 237 853 (539-100) 100 (12

From those patients who had an endescopy per-
formed. 37 oul of 57 from group O and 30 out of 30
from group R had both negative rapid urease test and
negative histology: three from group ¢ and three from
group R had both positive rapid urease tesl and
positive histology. In 17 patients [rom group O and 17
from group R the results of rapid urcuse iest and
histology were conflicting and Lhe V¢ yrea breath test
was additionally performed. The urca breath test was
positive in five out of the above mentioned 17 paticnis
from group O. Six out of 17 patients from group R
had a positive urca breath test {P = 0.71). Thus 49
out of 57 patients with post-treaiment endoscopy in
group R eradicated H. pylovi as did 41 out of 50 in
aroup O

¢ those who refused endoscopy. three out of 14
patients from group O and four out of 22 palienis from
group R had a positive ' *C-urea breath test.

The results on the basis of the intention-to-ireat. per
protocol analysis and initial treatment are shown in
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Table 2. The results on the basis of the intentton-to-
treat. per protocol analysis and initial enduscopic
diagnosis (erosive duodenilis. duodenal ulcer} are
shown tn Table 3. The intention-lo-treat analysis
showed a trend in favour of ranitidine lor H. pyfori
cradication in the presence ol erosive duodenitis on
the initial endescopy. bul there was no statistical
significance (P = 0.06). A bigher number of losses
during follow-up of duodenitis was observed in group
O {three out of 19) compared to group R {one out of
16). There were no statistical differchces in H. pylori
eradication belween Lreatment groups. [nfention-to-
treal eradication rates for patients who received a
first line triple regimen were 76% (62-91) lor group
(0 and 74% (39-88) for group R. For patients whe
received & first line double regimen, intention-to-treat
eradication rates were 78% (6491} for both study
groups, Vactors such us sex, alcohol consumplion.
smoking or initial endoscopic diagnosis did not seem
to affecl Lreatment success, The age group between

£ 2000 Blackwell Science Ltd, Aliment Pharnacol Ther 13, 737 Td&
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Table 4. Total inlention-to-treat eradication rates according 1o
age. sex, smoking and drinking habits. Univariste analysis

Parameter Eradicalion rale P
Age
20-39 years 4 = 33) §2{71-92) <0l
40 39 years in = 38) b4 31-771
HO-B0 years {n = 4] 88 (77 438)
Gender
Males 1n = 7] 74 (64-83) 037
Temales (n = BY} B0 {70-%9)
Smoking habils
Smokers (n = Bh) 77 IRT-AT) 059
won-smokers (h = 87} Th (A7-85]
Alcohel consumption
Nen alcohal consumers (n = 1420 78 (71-84) 027
Alcohol consumers [#r = 14) 64 (3697
Initial endoscopic diagnosis
Duedenal vleer 1= 114) 736743 .20
Erosive duodenitis in = 37} BEI7I-97

# for y* analysmis. *chi-square between the three age groups (d.f = 23

40 and 59 presented a reduced eradication rate
{Table 4).

Side-effects

All patients were asked, on the 14th day of treatment,
whether they had experienced any side-effects. The
number and percentage of patienls reporting side-
effects. graded according to symptom sevcrity arc
shown in Table 5. Generally. side-ellects were mild
and did not interfere with compliance. Only 27 out of
71 patients {38%) in group O and 25 out of 72 (35%)
in group R were completely free of side-effecls. The
assessment of mild symptoms was performed during
the day 14 communication. while patients with severe

Table 5. Mumber and percentage of patients reporting side-ellecls

symptloms tended to communicate carlier, to stop
treatment prematurely, Eleven patients stopped treat-
ment prematurely: five out of 71{7%) of group 0 {one
because of oral candidiasis, two because of allergic
reactions &nd two because of diarrhoea—one of themn
developed mild pseudomembranous colitis} and six out
of 72 (8.34%}) of group R (two because of intense nausea.
one because of oral candidiasis, one because of allergic
rash and two becausc of bismuth toxicity—one case of
mild apathy and ataxia and cne with confusion and
multiple premature ventricular complexes).

All serious side-effects (with the exceplion of allergic
reactions—Llhree patients) appeuared during the second
week of treatment. Five out of the other eight patients
who reeeived at least 1 week of eradication treatment
were successfully eradicated. Pseudomembranous colitis
suceesstially responded to metronidazole treatment over
14 days. Both patienis who presented with bismuth
toxicity had increased blood creatinine levels when
svimptoms appeared (1.5 and 2 mg/dl.. respectively)
both suffered from non-insulin dependeni  diabetes
mellitus.

DISCTSSION

In this prospective randomized, non-blinded study we
evaluated twe quadruple regimens. comprising raniti-
dine or omeprazole plus bismuth triple therapy. as
second-line treatment. Both regimens scemed to be
equally eflfective {inlentivn-to-treat 76.9% for group O
and 74.3% for group R} in patients with ducdenal uicer,
In patients with erosive duodenitis regimen there was a
trend in lavour of ranitidine comprising regimen
concerning H. pilori eradication (P = (.06). Both effi-
cacy was much lower than the one described swhen
those regimens had been used as first line treatment.™ *
Side-effects were equally and frequently presented (2%

Triple therapy + emeprazole

Triple therapy + runitidine

Side-efiect Noene Milt-i -

Severe
NHDSCA 51 (74%) 19 1 24%) L {1%]
Vomiling T 99%) 1 (1%} (¥
Allergic rash B8 LS 2 03%) 111%1
Metallic taste 44 (620 25 (33% 2 3%
Diarrhoea HUY (83 B 111%) 34
Digziniss IR (BN 12(17% 1 {1%]

Nong Mild Severe I

43 (B34 23 (35%) 213%) .24
70 (97%) 1 (1% 1 (1% {137
TL(39%) 111%) i) 330
EINVARA] 20 (2R% 1{1%) 41
AT (9% & (A% L 414} 130
FLIT1I%) 19 (26%) 2 {3%) 13

The P-values refer 1o the compurison between patients with and without the side-effect. ignoring the severity,

£ X000 Blackwell Science Lid, Aliment Pharmersl Ther 14, 737-714
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for group O and 65% lor group R) but (here were rather
mild and rarely interfered with compliance.

The trial was not conducted it a double-blind manner
because patients had to pey for their own medications.
Nevertheless H. pylori eradication was evaluated by
personnel unaware of the treatment regimen.

When used as brst line regimen, metronidazole-
containing bismuth {riple therapy showed a reduction
in efficacy [com 92% in patients with sensitive H. pylort
strains (o 44% in patients infected with resistant
strains.’” It is suggested thal the addition of an acid
suppressor 1o the bismuth triple therapy regimen
(guadruple) could overcome the reduced efficacy of
the triple regimen resulting [rom metronilazole resis-
tance. Nevertheless, a 10-16% reduction in regimen
efficacy is expected for resistant strains.™ '™ Although
we had not tested H. pylori resistance in our popula-
tion, the expected resistance was between 37.8 and
54.1%, taking into consideration published data for the
prevalence of metronidazole resistance in Greece
{46%."

De Boer's ef al, study using ranitidine comprising
quadruple regimen as first line treatment, as well as our
study using the same regimen as second-line treatment
has shown no dilference in quadruple treatment efficacy
when omeprazole is replaced by ranitiding.

Altheugh some consider erosive duodenitis to be 2
separate entily, most comsider it to be a variety of
duodenal uleer.'® * In the intention-to-treal analysis,
Josses during follow-up, are considered as failures. Thus
the higher number of losses in follow-up of group O (three
in group O and one in group R), couid be the reason why
the raniiidine regimen showed a trend of higher efficacy
in patients with erosive duodenitis. Nevertheless. data
concerning second-line eradication treatments lor ero-
sive duodenitis are missing and the statistical trend
appearing in our study needs further research.

Factors such as age, sex. smoking and drinking habits
as well as pre-treatment with omeprazele do not seem to
aflect treatment success of triple therapy.’' Neither do
they scem to affect the final result in our study. Women
are more likely 1o harbour metronidazole resistant
strains (73% vs. 38% in Hong Kong, 54% vs. 18% in
UKJ. nevertheless sex did not alfected final result.?” This
could be due to the low difference in metroniduzole
resislance between sexes in Greece (50% vs. 44%).""

The previous use of amoxycillin in a first line regimen
led us to chouse tetracycling, to which resistance is
usually low.>* The replucement of amoxycillin by
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tetracycline increases efficacy of classical triple ther-
apy.®? Tetracycline seems to have in vilre synergism
with metronidazole. especially for resistant strains.””
Posi-therapeutically, the rapid urease test is thought to
present 86% sensitivity when histology is thought to be
the pold standard. ™ Nevertheless. when we have taken
into consideration long-term follow-up and various
diagnostic tesis in our wnit, histology did not seemn to
represent the gold standard to validate conflicting results
between the rapid urease test and histotogy. > Thus for
this group of patients, the ' *C-urea breath test was chosen
as an addittonal 1est; this is considered as reliable as
histology in everyday practice and seemed to be ideal for
overcoming low histology sensitivity in oar laboratory.2®
Side-eflects scem to be dosc-dependent (malnly for
metronidazole and bismuth}, and time-dependent (when
side-effects questionnaire is completed).”* * The addi-
tion of omeprazole seems o shightly reduce the side-
effect profile of classical triple therapy which is usually
around 50%, ranging between 7% and 72% depending
on the side-cffect scoring system.* 2 In this study,
side-cflects were frequent; 62% for triple therapy
comprising omeprazole and 65% for that comprising
ranitidine, Nevertheless side-effects which led to treat-
ment cessation were rather infreguent: 7% for group O
and 9.2% for group R. [0 our study it Is noteworthy that
three out of 148 of our patients developed rather serious
side-eflects: psendomembrancus colitis and bismuth
toxicity. Bismuth neurotoxicily has been attributed to
increased plasma  concentrations {over 100 ;(g}.“
(Quadruple therapy with omeprazole can increase the
bistouth blood level. ™ Renal function impairment could
contribute to the incresse in bismuth concentrations:
Both of the patients in our study who presented with
bismuth toxicity suffered from diabetes.> Sub-clinica
renal impairment could not be excluded in ectther of
them. Pseudomembrancus colitis has been rarely
described as a side-cffect of various eradication regi-
mens; occasionally it can be extremely severe, ™ ¥
Based on Lhe results of this study and the above
meniioned data the approach proposed by the Maastricht
consensus seems to be reascnable.'” That is tor select one
triple regimen as the first line freatment. omitting either
metronidazole or clarithromycin in order to avoid
resistance to both drugs (which would make it difficult
to find an eflective second-line treatment), then select a
quadruple regimen 4s a second-line treatment: both
omeprazole and ranitidine could be used in these
regimens without any difference to the final result.

& 2000 Blackwell Science 11d, Aliment Pharmocol Ther 14, 737-744
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Open-Label Study of a Regimen Consisting of 1 Week of

Lansoprazolé€, Clarithromycin, and Amoxicillin Followed

by 3 Weeks of Lansoprazole in Healing Peptic Ulcer and
Eradicating Helicobacter pylori
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ABSTRACT

Objective: The aim of the study was to assess the efficacy of a
regimen consisting of 1 week of low-dose triple therapy with lanso-
prazole, amoxicillin, and clarithromycin followed by lansoprazole
alone for an additional 3 weeks in the eradication of Helicobacter
pylori and the healing of peptic uicer.

Methods: Patients aged =16 years with active peptic ulcer diag-
nosed by endoscopy and H pyleri infection were eligible for this
prospective, open-label, 3-center study. A triple-drug regimen was
used that consisted of lansoprazole 30 mg once daily, amoxicillin
1 g BID, and clarithromycin 250 mg BID for 7 days. Uleer healing and
H pylori eradication were assessed endoscopically 8 to 9 weeks af-
ter the start of treatment. H pylori was determined to be eradicated
if both histologic examination and rapid urease testing (4 biopsy
samples, antrum [2] and body {2]) were negative.

Resuits: Fifty-five patients who tested positive for H pylori,
49 with duodenal ulcer (DU} and 6 with gastric ulcer (GU), aged
16 to 78 years, were enrolled in the study. Ten patients were lost
to follow-up and 1 withdrew from the study because of side ef-
fects; 44 patients were included in the per-protocol analyses.
H pylori was eradicated in 34 patients, 62% (95% CI, 0.477-0.746)
and 77% (95% CI, 0.662-0.885) in the intent-to-treat and per-
protocel analyses, respectively. Ulcers were healed in a total of
38 patients (34 DU, 4 GU), 69% in the intent-to-treat population
(95% CI, 0.552-0.809) and 86% in the per-protocol population
(95% CI, 0.727--0.948). In patients with DU, the rate of healing was
69% in the intent-to-treat analysis (95% CI, 0.546-0.817) and 89% in
the per-protocol analysis (95% CI1, 0.752-0.971).

Conclusions: One week of therapy with lansoprazole 30 mg once
daily, amoxicillin 1 g BID, and clarithromycin 250 mg BID, followed
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by 3 weeks of treatment with lansoprazole 30 mg once daily, effee-
tively healed peptic ulcer but was only moderately effective in eradi-
cating H pylori.

Key words: amoxicillin, clarithromycin, Helicobacter pylori,
lansoprazole, peptic ulcer, triple therapy. (Curr Ther Res Clin Exp.
2000;61:406—413)

INTRODUCTION

Triple-drug regimens consisting of lansoprazole 30 mg once daily or 30 mg
BID with various doses of clarithromyein and metronidazole, amoxicillin
and clarithromyecin, amoxicillin and metronidazole, or azithromycin and
metronidazole for 1 or 2 weeks have been reported to be efficacious in
eradicating Helicobacter pylori and healing peptic ulcers,' *° with success
rates >90% in some studies.®5-°

In 2 studies, lansoprazole 30 mg once daily was combined with cla-
rithromycin 200 mg BID and metronidazole 250 mg BID,* and clarithro-
mycin 250 mg BID and metronidazole 400 mg BID for 7 days. H pylori was
eradicated in 88%* and 86%" of patients, whereas, in another study,'? the
combination of lansoprazole 30 mg once daily with clarithromyein 250 mg
BID and amoxicillin 1 g BID for 7 days eradicated H pylori in 82% of
patients.

Sieg et al® recently reported that 1 week of treatment with lansopra-
zole 15 mg BID in combination with amoxicillin 1 g BID and clarithro-
myecin 500 mg BID eradicated H pylori in 87% of patients, similar to the
94% eradication obtained with lansoprazole 30 mg BID. All peptic ulcers
were healed in both treatment groups at the follow-up examination. Thus,
lansoprazole 30 mg once daily combined with 2 antibiotics appears to
eradicate H pylori in a high percentage of patients, although usually «90%.
Nevertheless, such low-dose regimens should be examined, since they do
not generally seem to differ significantly in efficacy from the more expen-
sive regimens using double doses of proton-pump inhibitors.

The present study was undertaken to assess the efficacy of a regimen
consisting of 7 days of low-dose triple-drug therapy with lansoprazole,
clarithromycin, and amoxicillin, followed by lansoprazole alone for an ad-
ditional 3 weeks, in eradicating H pylori and healing peptic ulcer.

PATIENTS AND METHODS

This prospective, open-label, 3-center study enrolled patients aged 16 to
78 years with active peptic ulcer (duodenal ulcer [DU} or gastric ulcer
[GU]) who tested positive for H pylori infection. H pylori colonization was
established by histologic examination (modified Giemsa stain) and/or rapid
urease testing (CLOtest, Delta West Pty Ltd., Bentley, Western Australia)
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of 2 biopsy samples taken from the antral mucosa of the stomach. Patients
were considered positive for H pylori and eligible for the study if the result
of either test was positive.

Other exclusion and inclusion criteria were similar to those described
elsewhere.'? Qutpatients and inpatients of either sex who had been hos-
pitalized for <1 week and underwent endoscopy for epigastric pain, dys-
pepsia, and/or upper gastrointestinal bleeding were eligible for the study.

The following individuals were excluded: patients with a bleeding ul-
cer, previous gastric surgery, or associated pyloric channel or esophageal
ulceration; patients who had taken corticosteroids, nonsteroidal anti-
inflammatory drugs, any antiuleer or antibiotic treatment during the pre-
vious 4 weeks, or concomitant therapy with any investigative drug;
patients with severe disease (eg, renal, hepatic, hematologic, cardiac, en-
docrine, or neurologic disease); or patients who abused alcohol or drugs.
Women who were pregnant, lactating, or using inadequate contraception
were zlso excluded.

A triple-drug regimen consisting of lansoprazole 30 mg once daily,
amoxicillin 1 g BID, and clarithromycin 250 mg BID was given for 7 days,
followed by lansoprazole 30 mg once daily for an additional 3 weeks. Pa-
tients were instructed to take the drugs before meals. Patients were seen
for clinical evaluation by the end of the third week. Patients’ compliance
was monitored with a detailed questionnaire covering the number of drugs
taken each day and the time they were taken.

A second endoscopic examination was scheduled 4 to 5 weeks after the
end of the treatment (ie, 8 to 9 weeks after the start of treatment or
whenever symptoms recurred) to confirm ulcer healing and H pylori eradi-
cation. Four biopsy samples were obtained (antrum 2, body 2) and were
examined histologically and by rapid urease testing for the presence of
H pylori. H pylori was considered eradicated if both histologic and rapid
urease test findings were negative. Histologic examination was carried out
by experienced pathologists who were blinded to study visit and treatment.
The ulcers were considered healed if the former ulcer site was totally
epithelialized.

The study was performed in accordance with the Declaration of Hel-
sinki. Oral informed consent was given by all patients.

A computer program (CIA, microcomputer program 1.1, BMJ and
Martin Gardner 1991) was used to calculate the Cls.

RESULTS

Fifty-five patients who were positive for H pylori, 49 with DU and 6 with
GU, were included in the study. Their baseline characteristics are shown
in Table I. Ten patients (18%) were lost to follow-up, and 1 female pa-
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Table 1. Baseline characteristics (N = 55).

Age {y)
Mean =z 5D 48.47 » 12.29
Range 1678
Sex, no. (%}
Male 35 (64)
Femate 20 (36
Smoker, na. (%)™ 31 {56
Bleeding history, no. {%) 1119
Ulcer diameter {mm}
Mean ¢ SD T.2+218
Range 5-16

* More than 10 cigarettes/d.

tient (2%) withdrew because of side effects (rash and diarrhea). Thus,
44 patients completed the study and were included in the final analysis; all
44 patients underwent endoscopy according to the protocol.

Results are shown in Table II. H pylori was eradicated in 34 patients,
62% of the intent-to-treat population (95% CI, 0.477-0.746) and 77% of
the per-protocol population (95% CI, 0.662-0.885). Ulcers were healed in
38 patients (34 DU, 4 GU), 69% of the intent-to-treat population (95% CI,
0.552-0.809) and 86% of the per-protocol pepulation (95% CI, 0.727—0.948).
In patients with DU, the incidence of healing was 69% (95% CI,
0.546-0.817), and 89% (95% CI, 0.752-0.971) in the intent-to-treat and
per-protocol analyses, respectively. Ulcers did not heal in 6 patients, 2 with
GU (both H pylori positive) and 4 with DU (1 H pylori positive).

Side effects (eg, loose stools, headache, taste changes, constipation,
nausea, and tiredness) were reported in 10 (23%) of the 44 patients
(4 women between 39 and 60 years of age with DU; 8 men between 21 and
59 years of age with DU). Side effects were generally mild, and none of the
patients stopped therapy as a result. Grade II symptomatic esophagitis

Table Il. Helicobacter pylori eradication and ulcer healing.

Inteni-to-Treat Per-Protocol
Analysis (N = 55) Analysis (n = 44)
Eradication
No. (%) 34 (62 M (77
95% CI 0.477-0.746 0.662-0.885
Healing
All patients
No. (%) 38 (6D 38 (86
95% ClI 0.552-0.809 0.727-0.948
Patients with DU
No. (%} 34/49 (69) 34/38 (89)
95% Ci 0.546-04.817 0.782-0.971
DU = duodenal uicer.
409
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was observed on the second endoscopy in 1 patient; she completed the
study successfully (ie, H pylori was eradicated and the DU was healed).
All assessable patients took =85% of each prescribed medication.

DISCUSSION

Triple-drug regimens consisting of a proton-pump inhibitor (omeprazole,
lansoprazole, or pantoprazole} plus clarithromycin and a nitroimidazole
drug (metronidazole, tinidazole, or ornidazole) for 7 days have shown
eradication rates >90% for H pylori.'® 2% In particular, a large interna-
tional, multicenter study of a 7-day regimen combining omeprazole and
2 antibiotics (amoxicillin + clarithromycin, metronidazole + clarithromy-
¢in, or amoxicillin + metronidazole) demonstrated high eradication rates,
with some combinations exceeding 90%.27

Lansoprazole in combination with 2 antibiotics was shown to have a
high degree of efficacy in eradicating H pylori, comparable to that of
omeprazole, in a meta-analysis of randomized, controlled clinical trials
published in English from 1993 to 1996.25 The authors concluded that
lansoprazole appeared to be an option for eradication of H pylori.

In this study, we demonstrated that 7-day triple therapy with lanso-
prazole 30 mg once daily, amoxicillin 1 g BID, and clarithromycin 250 mg
BID eradicated H pylori in a substantial (77%) percentage of patients,
although not as high as would be expected. Indeed, this triple-drug regi-
men has been studied in another population,?! with a per-protocol eradi-
cation rate of 82%. The results were even better when clarithromycin was
given in a dosage of 500 mg BID (93% eradication) instead of 250 mg BID®
and when lansoprazole was given in a dosage of 15 mg BID (87% eradica-
tion).® The results of the present study are comparable with those of Lim
et al®® after 7 days of treatment with lansoprazole 30 mg BID, amoxicillin
1 g BID, and clarithromycin 250 mg BID. Low eradication rates are gen-
erally attributed to poor patient compliance and resistance of H pylori to
antibiotics. Patient compliance was satisfactory in the present study. Me-
tronidazole-resistant H pylori strains have been reported in 46% to 54% of
Greek patients with gastritis and/or peptic ulcer, but clarithromycin-
resistant H pylori strains are rare and amoxicillin-resistant strains are
even rarer.2® 3! .

When we used a regimen consisting of lansoprazole 30 mg BID, cla-
rithromycin 500 mg BID, and amoxicillin 1 g BID, followed by lansoprazole
30 mg once daily for 3 additional weeks (A. Archimandritis, unpublished
data, 2000), the eradication rate for H pylori was better, exceeding 90%,
but the rate of ulcer healing (80%) was unchanged. These results, which
are in agreement with the international literature, show that in triple-

410

231



A. ARCHIMANDRITIS ET AL,

drug therapies for H pylori, lansoprazole should be given in a dosage of 30
mg BID to obtain the best eradication rate.

CONCLUSIONS

One week of therapy with lansoprazole 30 mg once daily, amoxiceillin 1 g
BID, and clarithromycin 250 mg BID, followed by 3 weeks of treatment
with lansoprazole 30 mg once daily, effectively heals peptic ulcer but is
moderately effective in eradicating H pylori.
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HELICOBACTER PYLORI

Rapid urease test is less sensitive than histology in diagnosing
Helicobacter pylori infection in patients with non-variceal upper

gastrointestinal bleeding

ATHANASIOS ARCHIMANDRITIS,* MICHAEL TZIVRAS,* $STAVROS SQUGIQULTZIS,*
[OSIF PAPAPARASKEVAS,! PERIKLIS APOSTOLOPOULOS,* ATHINA AVLAMI* AND

PANAGIOTIS 8 DAVARIS!

Departments of *Pathophysiology, Gastroenterology Section and "Pathology, University of Athens Medical

School and *Department of Microbiology, Latko General Hospirad, Athens, Greece

Abstract

Background and Aims: The validity of the rapid urease (CLO) test to diagnose Helicobacter pylort
infection in patients with bleeding ulcers has been questioned. The aim of this paper is to evaluate the
validiry of the CLO test in comparison with histology in diagnosing H. pylori infection in patients with
acute upper gastrointestinal bleeding (UGB}, irrespective of non-steroidal anti-inflammatory drug
NSAIDY use,

Methods: Upper gastrointestinal endoscopy was performed within 24 h of admission for all patients
with UGB admitted to the Department of Pathophysiclogy, Medical School, Athens, for a period of 12
months. Patients with variceal bleeding, previous gastric operation, recent treatment with protor: pumgp
inhibitors (<2 months) and those with a history of H. pylorf eradicarion therapy were excluded from
the study. At least four biopsies (two from the anwum and rwo from the body) were obrained for the
CLCQ test and histology {modified Giemsa}.

Results: Seventy-two consecurive patients {aged 18-90 years, 51 men, 21 women) were included. Forty-
six patients (64%) used NSAID. Thirty-two patients {44%) were found to be positive for . pylori infec-
tion by the CLO test, while 44 patients (61%) were found to be positive on histology (P<0.045, 95%
CI, 0.004-0.331). The sensitivity and specificity of the CLO test were 68 and 93% respectively; posi-
tive and negative predictive values were 94 and 63%, respecrively. The age of the patient and visible
blood in the stomach did not inflence resulis of either the CLO or histology.

Conclusions: The CLO test, performed within 24 h of hospital admissicn in patients with UGB, irre-
spective of NSAID use, is unreliable for the detection of H. pviorf infection. The age of the patient and
the presence of bloed in the stomach do not seem to influence these results.

L 2000 Blackwell Science Asia Pry Lid

Key words: biopsy-based tests, Helicobacter pylori, non-steroidal anti-inflammatory drugs, rapid urease
test, upper gastrointestinal bleeding.

INTRODUCTION

Diagnosis of Heficobacier pylort infection in clinical prac-
tice is usually made by two biopsy based methods; the
rapid urcase test andfor histology. The rapid urease test,
in particular the CLO test, is considered to be a quick
and reliable test for the initial diagnosis of Heficabacter-
pylori infection, with high sensitivity and specificity.’?

Histological cxamination of the gastric mucosa after
suitable staining provides further diagnostic accuracy,
but is quite expensive and ume consuming. Therefore,
if the CLO test is negative,” additional biopsies are
usually obrained, processed and evaluated to confirm
the H. pvfori status of the patient,

It has been shown that H. pyleri eradication prevents
tecurrence of bleeding™® and it has been suggested that
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if the eradication therapy is started in hospital immedi-
ately after the control of bleeding, better parient com-
pliance might be ensured.® Compliance is considered
a major factor in successful ceadication of H. pyfori”
Therefore, in patients with bleeding pepnic ulcers, it is
particularly usefui to know their H. pylort status so thar
eradication therapy can be initiated as soon as possible.
The CLO test is usuaily performed as the first endo-
scopic test to diagnose H. pyvlori infection because of its
simplicity, rapidity and reliability.’

However, we observed (A, Archimandrius, unpubl.
data, 1996) that in patients with acute ulcer bleeding,
the prevalence of H. pyvler infection as diagnosed by
using the CLO test was vnexpectedly low and roughly
similar to that reported by serology in healthy adulrs.*
In addition, the low prevalence of H. pyleri infection in
bleeding Greek patients was found by others,* who also
osed the CLO test. Others reported sigmificant false-
negative rates in patients with duodenal ulcer bleeding
when the rapid urease test was used for the derection
of H. pylori. ™'

Thus, the present peospective study was undertaken
to evaluate the validity of the CLO test in comparison
with histology examinarion, to dizgnose H. pylort infec-
tion in patients with non-variceal upper gastrointestinal
bieeding (L7GB) as they are usually seen in routing clin-
ical pracrice (i.e. irrespective of the ingestion of non-
steroidal anti-inflammatory drugs (NSAID)).

METHODS

In this prospective study, upper gastrointestinal endo-
scopies were performed on all patients with upper gas-
wointestinal UGB within 24h of admission w the
Department of Pathophysiology, Medical School,
Athens, over a period of 12 months. Patients with
variceal bleeding, patients who had undergone any type
of gastric operation in the past, recent (less than 2
months”) reatment with proton pump inhibitors and
previous use of any H. pylori eradication therapy were
excluded. Before cndoscopy, the stomach was washed
out with normal saline through a nasogastric tube. At
least four biopsies (two from antral and two from the
body mucosa) were obtained for the CLO test (Delta
West Pry Lid, Bentley, WA, Australia) and hisiological
{modified Giemnsa stain} diagnosis of H. pylort infection.
One biopsy sample each from the antral and bedy
mucesz were used for each test. The antral and body
mucosal specimens were stndied together in the same
pellet for the CLO cests. Histological diagnosis was
made by an experienced pathologist (PD} who was
unaware of the resulis of the CLO test.

Blood in the storach was defined as the presence of
visible hiood in the stomach ffresh blood or ‘coffee
ground’ material).

Statistical analysis
The y* and Fisher's exact tests were used, as appropri-

ate, for the statistical analysis. A P value < 0.05 was con-
sidered to be significant.
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RESULTS

Seventy-two consecutive patients {mean age 56.4 vears,
range 18-90 vears; 31 men, 21 women) were included
in the study. Aspirin and non-aspirin NSAID use before
bleeding was reported by 46 patients (64%]}, 24 patients
(33%) were smokers and 12 patients (17%) were heavy
drinkers {consumption of more than approximately 60 g
alcahol per day). Duodenal ulcers only (DU) were
found in 42 patients (58%); a gastric vleer (GU) and/or
gastric erosions were found in 18 (25%), while 12
patiencs (17%} had 2 mixed pattern of lesions, consist-
ing of pastric and duodena! patholopy. Visible blood in
the stormach {fresh blood or ‘coffer ground’ material)
was found in 16 patients {22%)).

RESULTS

Table | shows the number of patients who were found
to have H. pylort infecnion by the CLO and histology
tests. From the results of the CLO test, 32/72 panicnes
(44%) were found to be H. pylori posinve, while 44/72
(61%) were found 1o be positive by histology. The
difference in detection berween the two lests was
significant (¥* P=0.045, 95% confidence interval (CI)
0.004-0.331).

Thirty patients were positive and 26 were negative by
both methods; two patients were H. pweri positive by
CLO (CLO (+)) and negative by histelogy (histology
{-)), while 14 werc H. pylor! negative by CLO (CLO
(=)} and positive by histology (histology (+)). The sen-
sitivity and specificity of the CLO test were 68 and
93%, respectively; the positive and negative predictive
values of the CLO test were 94 and 65%, respectively.

Influence of blood in the stomach

The resulrs of the CLO test and histology did not differ
significantly (P=0.471} in parients who had bleod in
their stomach (Tables 1,2). Thus, eight of 16 patients
{50%) were CLO {(+} and 11/16 (69%) were histology
{+). One patient was CLO (+), histology {-) and four
were CLO {-), hiswolegy (+). Thus, in this group of
patients, the sensitivity of the CLO test was estimated
as 64% (Table 2).

Table 1l Number of patienis found to be Helicobacrer padort
positive by each methad

Blood in
the stormmach  NSAID users
All paticnis (2=18) (n=46)
{(n=72) (22%) (64%)
CLO (+} 32 (48 8 (50) 15 (41}
Histology (=) #4 (61} 11 (69) 24 (52)
P (.045 0.471 0403

Figures in parentheses are percentages.



False-negatrve CLO test tn wpper GI bleeding

Table2 Comparison of the rapid urease test (CE0) and his-
tology with regard to the presence of visthle blood in the
sromach

371

Table 3 Cornparison of the rapid urease test {CLO) and his-
wlogy for Helicobacer pylors with regard to the use of non-
steroidal ant-inflammatory drugs (NSAID)

Blood Na blood
{n=186) P [#=36) P
CLO (+) 8 {50) 24 (4%
CLO (=) 8 (50} D471 32 (57) 0.0%9
Sensieivity of test 64%% To
Histology (+) 11 {69} 33 (59)
Histology { ) 3{3 23 (41
Histology (+), 4 (23) 10 {18}
CLD ()
Histology {-). 1(6) 1{2)
CLO (+)

Figures in parentheses are percentages. There was no sig-
nificant difference in Heftcobacter pylort positivity by the CLO
test berween those with or withour visible bloed.,

In patients without bloed in the stomach, 24/56
(43%) were CLO (+) and 33/56 (59%) were histelogy
(+}; the difference was nort significant (7= 0.089). One
patient was CLO (4), histology (-} and 10 were CLO
(=), histology {(+). In this group of parients the sensitiv-
ity of the CLO test was estimated as 70%, which is not
different from that in patients with blood in the stomach
(P=0.72).

Influence of non-steroidal
anti-inflammatory drug ingestien

Of the patients who reported ingestion of NSAID,
19/46 (41%) were CLO (+) and 24:46 (52%) were his-
ology {+), but the difference was not significant (=
0.403, Table 1). Two patients were CLO {+), histelogy
{-) and seven were CLO (=), histology (+). In this group
of patients, the sensitivity of CLO test was estimated as
T1%.

The results of histology differed between NSAID
users and those who did not use NSAID (P=0.047,
85% CI 0.013-0.468; Table 3).

In the 26 patients who did not ingest NSAID, the fol-
lowing results were found: 13 patients (50%) were CLO
(+) and 20 {77%) were histology {+). The difference in
positive restlts between CLO and histology was sigmif-
icant (x° test, P=0.044, 95% CI 0.008-0.573). No
patient was CLO (4), histology {(-) while seven were
CLO (-}, histology (+). In this group of patients, the
sensitivity of the CLO test was estimared as 65%, which
was not different from those thar did not use NSAID
(P=0.75).

Influence of age

The age of the patient does not seem to influence the
results of the CLO test (P=0.616), even when com-

No
NSAID use NSAID use
(=16} P {n=26) P

CLO {+} 16 (41) 13 (30)
CLO {-) 27 (59) .403 13 (50) 0.044
Sensirivity 1% 65%
Histology (+) 24 (320 200077 0.047
Histology (-) 22 (48) & {23
Histology (+), 7{15) 7027

CLO (-
Histology (), 2(4) 0

CLO {+}

Figures in parentheses are percentages.

paring patients older or vounger than 60 years (P=
0.477, 95% CI -0.125-0.337 for CLO). Tt also should
be pointed out that age of patient does not seem 1o
influence the histology results either (Table 4).

In those older than 60 years {(n=38), 23 were CLO
(+) and 22 were histology {+); no patient was CLO (+),
histelogy {-), while seven were CLO (-}, histology (+).
In patients younger than 60 years (n=34), 17 were
CLO (+) and 22 were histology (+). Two patients were
CLO (1), histology {-), while seven were CLO (-},
histolopy (+}. Thus, the sensitivity of the CLO test was
estimated as 68% in both age groups.

DISCUSSION

It is generally accepted that, for routine clinical prac-
tice, the rapid urease test is the most useful tool for
the diagnosis of H. pylori infection, because of its high
sensitivity and specificity.*'"? However, the diagnostic
accuracy of RUT in cases of bleeding ulcers has been
questioned. Lai et al. reported significant false-negative
rates, not related 1o the severity of bleeding, in patients
with bleeding DU and no history of NSAID ingestion;'®
Hawkey er ol reported that 23% of bleeding patients
who were positive by serology had a negative CLO test
that was not explained by recent drug use."’

Colin et al. questioned the accuracy of rapid urease
tests, histology and culture as compared with serology
in patients with bleeding ulcers irrespective of NSAID
use." They concluded that the decreased sensitivity of
these biopsy based tests was associated with owo factors:
delay between the bleeding episode and biopsies with
regard 1o rapid urease tests and cuiture, and the age of
the paticnts with regard to rapid urease tests and
histology. Sensitivity was not influenced by NSAID
intake.

Some influence of age on H. pylors diagnesis by
biopsy based methods sounds reasonable, given thac the
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Table 4 Results of the rapid urease test (CLO) and histology in varivus age groups

Age group (vears) ()

18-2% 30-39 4049 30-39 60t-69 T0+
CLO (1)* 4 4 1 ) 9 6
CLO (-} 4 4 4 5 12 11
Histology {+)* 5 6 1 10 (4 8
Histology {-) 3 2 4 3 7 9
Histology (+), CLO () 2 2 1] 3 3 2
Histology (-}, CLO (+) 0 1 0 1 0 0

*There was no significant difference in the CLO iest berween the various age groups (P=0.616). ‘There was no significant
difference in the CLO et between those younger or older than 60 (Fisher's exact tes; P= 0,477, 95% CI -0.125-0.337), CLO
sensitivity = 68%, ‘There was no significant difference in the histology results beoween the various age groups, = 0.201. There
was ne significant difference in histology between those younger or older than 60 (Fisher’s exact test; P=0.631, 95% CI:

—0.164-0.307); CLO sensitivity = 98%.

older the patient, the greater the possibility of gastric
atrophy and intestinal metaplasia, which reduces the
sensitivity of the biopsy based methods."® However, we
did not find any influence of age in the present study.

As far as serology is concerned, we have previously
reported our results on the first 35 patients of this study,
29 (53%) of whom had raken NSAID.'® Helicobacrer
Ppylori serology was performed by using a commercially
available kit (Heffcobacter pyviori 1gG, DIESSE Diagnos-
tica Senese, Siena, Italy). The sensitivity and specificity
of serology were 88 and 93%, respectively, by using his-
tology samples prepared with a modified Giemsa stain
as the pold standard. Heltcobacrer pylori positivity was
found in 89% by serology (IgG+), 40% by the CLO test
and in $6% by histology. It should alse be mentioned
that four serological tests to diagnose H. pyiort infection
in non-bleeding parients who were 1aking NSAID were
shown to be of low sensitivity and, in particular, of low
specificity in comparison with biopsy based tests and
culture.'”

For these reasons (i.e. the relatively low sensitivity
and specificity of serology tests), we have not included
our results of serology in the present study.

Lee #r af recently studied the influence of blood in
the stomach on the diagnosis of H. pyler infection in
68 patients with bleeding peptic ulcer. Patients with
recent (<1 month) NSAID ingestion were excluded.’
They found that all the biopsy based diagnostic
methods had decreased sensitivity while the urea breath
test and serology were positive in 95-92% and
100-98% in patients with or without blood in the
stormach, respectively. They concluded that the presence
of bleod in the stomach was associated with decreased
sensitivity of the biopsy based tests; in particulaz, the
CLO test. Leung er af. recently suggested thar the pres-
ence of blood adversely affects the performance of the
rapid urease tests through the buffering effect of serum
albumin on the pH indicator, rather than through a
direct inhibition on the urease activity.'”

However, our results did not support any influence
of visible blood in the stomach on the sensitivity of the
CLAO test. [t should be noted, however, that the stomach
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wash out prior to endoscopy may underestimate the
prevalence of blood or ‘coffee ground® material in the
stormach and explain why we did not find any influence
of visible blood on the sensitivity of the CLO test.

It has been reported that the sensitivity and spe-
cificity of the CLO test and histology samples after
suitable staining are roughly equivalent.™ In addition,
we have previously shown that in a mixed population of
non-bleeding patients with dyspepsia (duodenal ulcer,
gastric ulcer, functional dyspepsia), there was no dif-
ference n the efficiency of the CLO test and histology
{Gicmsa stain) in diagnosing H. pyvlori infection.™
However, the resuits of the present study clearly showed
that in bleeding patenis the CLO test had low sensi-
tivity compared with histology in diagnosing H. pwlors
infection. This finding is in agreement with all the
presented series, mostly in abstract form, until now.
According to our results, the CLO test had low sensi-
tivity in bleeding patients irrespective of NSAID use.
However, histology samples had significantly more pos-
itive results in non-NSAID users (77%) than in NSAID
users (52%). Indeed, it appears to be logical that
patients with gastreduodenal lesions due to NSAID use
would have a lower prevalence of H. pylori infection.
Alternatively, this finding could be due to some influ-
ence of NSAID on H. pylori.

We can nor offer any plausible explanation for the low
sensitiviy of CLO ar present. It could be due to some
changes in the microenvironment of H. pylori induced
by the bleeding process per se, which may affect the
ability of H. pylor: 10 produce urease. Nevertheless, the
facr remains that in bleeding patients seen in the ¢lini-
cal setting, irrespective of NSAID ingestion, the CLO
test misrepresents the prevalence of H. plori infection.
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Prospective evaluation of a whole-blood antibody test
(FtexPack HP) for in-office diagnosis of Helicobacter pylori

infection in untreated patients

Spiros D. Ladas?, Helen Malamou®, Georgia Giota?, loannis Varzakakos®,
Panagiota Kitsanta®, Sotirios Georgopoulos?, Charis Spiliadi® and

Sotirios A. Raptis?

Objactives Rapid, reliable in-oHice tesis are needed for
applying the adopted screen-and-treat strategy In
Heficobacter pylori-posilive young dyspeplic palients,

Design We have evaluated the pedormance
characteristics of a whole-bload antibody (WBA) test far
the detection of H. pylori infection under in-oflice
conditians,

Methads In a prospective double-blind study, 183
untreated patients referred to a tertiary centre for
endoscopy because of dyspepsia were studied. Palients
wera detined as H. pylorf-positive if two oul of three lesis
ihistology, rapid urease test, Gram staining of biopsy
smears) were positive, and H. pylori-negative if all three
lests were negative. An in-office test detecting IgG
antibodies to H. pylori (FlexPack HP, Abbolt Diagnostics)
was used wilh capillary blood and compared with an ELISA
delecting lgG (quantitative) and 1gA {qualitative) H. pylori
serurn antibodies.

Resuits Of the 183 patients, 139 were defined as M. pylori-
positive, The in-olfice tes! had 79% sensitivity, 85%
specificity, 98% positive and 59% negatlve predictive value.
The respective values for 19G serum antibodies were 94,
70, 91 and 79% and those for lg& antibodies were 856, 82,
94 and £4%. About 50% of the false-negative in-oftice tests

Introduction

Hebivabacter prfari 15 the acdotogical Tactor in clironic f,
pofuci gustrivis, and 15 moplicated i the puthopenesis of
peptic: uleer disease [1.2] Eradicaion of ff pyferi
infection results i resolution of gastritis und cure ol
peptic wleer [3] Detection of {4 prfers infection may
be performed by jovasive methods sucli as endoseopy
with biopsy culture, histology or rapid urecuse tests, og
non-invasive techniques, such as the MC-vren Lreath
tost and serology 4],

According to the Maaseriche (Europe) and the National
Institute of Health {USA) consensds recommendations
[3.6]. K. prlericinfected  dyspeptic patents  younger
than 43 vears, without alarming symptoms, such as

0054 -531% ¢ 2000 Lippincott Wiliamg & Wilkins
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had a sevutn lgG anlibody tilre > 100 units. Co-evaluation
of our data with published reports suggested that both the
rmedian sensitivity and negalive predictive value of the kit
are significanUy inferior when perlormed wilh whole-blood
(five studies) compared wilh serum (nine studies) (82
versus 2% and B2 versus 93% respectively, P < 0.035}.

Conclusions improvement of the perlormance
characteristics of FlexPack HP in-office test is needed.
However, the lest may be a usefu! teol for identifying H.
pylori-posilive patlents in younger age groups whe could
be managed without upper gasirointestinal endoscopy. Eur
1 Gastroenierof Hepatol 12:727-731 @ 2000 Lippincolt
Williams & Wilkins
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weight loss, dysphagra and anacmia, may be manged
witheut upper gastrotiestin cndoseopy. "This sorategy
1 eost-eieetive, Dot it depends on the aceoriey ol the
diagnostie method vsed o dewect o pefed tnfoction,
Several commercially available enzyme-linked e
nusorhient assay {ELISA) kits dhat dereer ani-1e(s and/f
ot JgA antibudies guantitiively or qualitatively have
Leen used pver the bist decade [7-91 These rests wwe
simple, quick and of low cosi, e are perflomed oo
hboratory. Recendy, whole-Dlosd 70 e antibods
(WHA) tesis lueve been develped, which pive dhe
resule within a few minutes |2,8]0 They arc perfurmed
by the physician in the office and are called “in-office
tests' or ‘near dhe patient tesis’ Towever, the Fa-
opean Helieobacter priori Sady Group hus supgested
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that "Rapid (office) scrologieal test kits at present need
further validation® {10].

FlexPack HE {(Abbour Diagrostics, Ninois. USAT s 4
rapid WBA st f1L12). It is @ one-step test bue fis
sensitivity and specificity have nor beeny adeqgnately
evabwated under in-effce conditions [13,14]. We have
therefore prospeeriy pecforiuange
characteristics of FlexPack HY and compared it with
that of an ELISA deeeting G {guantinuve) and [gA
tqualitative) H, pyfori serum antiiodies.

Iy eviduated  the

Methods

This prospective double-lind study included paticns
referced oo tertiary centee for enduicopy becanuse ol
dyspepsia. Nome of the paticats had had &, pyfoi
ceadication therapy in the past and none had reveived
anuibistics in the two months before the study. Patients
with gastic swigery and those on acid suppression
therapy were excluded. The pratoenl of the stady was
approved by the Ethical Commitee on Human St
iws. Depactment of Internatl hledicine, University of
Athens, in March 1997,

Study design

Before endoscopy, 10 mil of venous blood was obtingd,
vontrifuged at 3000 ¢ for [5 min and the sermm stared
at =20 °C und] analysis for M. prées ami-1pG and A
antibodies (Milenia . priari, 12G, leh, DPC, Bicr-
mann GmbH, Bad Nauhein, Germany). Capiflary hlood
was then obtaied by finger pricking into 2 capillary
twbe and whole-bloud LgG antibodies w 1 priord were
determined bry FlexPack JIP by independent persannel
acenrding, to the manufactneer's instructions. A positive
test was recorded if two pink lines {ic. st and control)
were visible, and negative if only the contral line was
abiserved in the viewing window.

During endoscopy, five gasuic mucnss Piapsics were
chttined using Olympus FB-24Q) biopsy foreeps. One
biopsy from the lesser curvature was used to perform a
rapid wrease test (CLO tesr, Dol West 111,
Bentley, Western Australia), The resvic of the GLO
test wis read at Z2h by a single trained observer who
was blinded 1o the endoscopic findings and the resulis
of the in-office test.

Twa biopsics lrom the antrum were separately crashed
between ewo microscope slides, so that they produced
four biapsy smears. All Tour smears wete Grame-stained
and evaluated by a bacteriologise for the presence of
spiral Gram-negative bacteria. The bacreeinlugist was
umaware of the results of the other wsts. The remaining
two bropsies, one lrmn the lesser curvature of dhe
antum and the sccond Nom the gasuie body, were
immersed o lormalin and sent to the pathology depart-
ment. Modified Giemsu staining was used to deteer 17,

pefori in biopsy specimens by o pathologise wha was
Hinded to the resalts of the other M. arfari-derecting
tests,

Serume [gGoand IgA antibadies were measured by g
hacterialogist who was amaware of the results of the
other tests, fL prledd sconm gl oamthody tres nere
determined by an envevine imimuonmssay (hiilenia 5
prfori 1gG, PG Biermann Gurbl L, Genmanyt |13
aeenrding, to Whe nanufuctures's stroctions, F11SA
mwnits were ealeulnesd from o standand corve, A cue-off
vihte ol = 44 unnestm) positive e
=36 wnitsfiml a uwepadve test. N préesd serum Tgh
antibodics were deteeted qualitatively using an enzving
unmvecassay (Milenda K pvderd 1AL DPC Biermann
GmbiL Germany), Evaluation of the 8 pyferr g\
assay was caried ot by dircer companisan ol the
epticl density (T of cach patient senm sample with
the O of the cmirols. A sample was comsidered
prasitive 90 s respective OO0 was 0% Ligher anl
negnive if the ON was 10% Iower compared with the
O of the relerence sernm.

defined 2

A patient was considered /. ppfpr-positive i at feast
two out of the three tests, e, GLA test histelogy wdl
Biopsy smears, were positive and /7 prfar-negative i
all theee tests were negative. Patients for whom onfv
e test was prsitive were excioded from Tuiher analv-
sis.

Stalistical analysis

The seasitivity, specilicity, podictive valoes and diag-
nostic uccontey woere detenained G the whole hind
in-nflice test and the seitm BELISA {1pG, T wests. by
using the conbined resnles of the fwvasive ests (CLOY
wst, histology, Dinpsy smears) as the pokd stomlad,
The positive peedictive valoe (PP was calenlated as
the propartion ol tug-positive wsts aaong al] positive
wsts, Uhe nepative predictve valne (NPVY was ealou-
Lated as the proportion of tac-negative tests among all
negative tests. Diagnostic avemacy was caleubared as
the pescentige ol the patients wha were correctly
scorcd {troe-positive plos duc-pegative) among all pa-
tients tested. Results were stoced using JBASE snlt-
ware (Microsoft Access W7, Microsoft Coip.. Svanle,
Washington Stue. VSA) and analysed Dy the statistica]
package Staegraphics Muos 2.1 (Manopistics Ine. Sonise
tical Graphics Corp, Ruckyilte, M, USA). Qualitative
datr were assessed by the ¥ rest with Vates” correction,
as appropriate. Numerival duta were analvsed b the
nen-parametric Musn=Whitney  (\Wileosom twe siched
st [OL AP value < 008 was regarded as signili-
cant.

Resuits
One hundeed and cipliey-nine consecative patients
were studicd, Foour padents were exchiaded  besise
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aaly ane out of the three tests used For detection of H,
prfor infection (CLO west, histology, biopsy smears)
was positive, Two additional patients were also ex-
rluded beeause of borderdine (36-44 Upnly 1p0 §#1LISA
tivre, Jeaving 183 remaining patients (121 meo and 62
women. median age 98 vears, wmpe 17-76) who ful-
lilled the inefusion edteria used i this study. Ninewy-
nine paticnts had duadenal nleer, 16 gastric uleer and
#8 non-uleer dyspoepsia, Seventy-nine paticuts (55 wien,
24 women) were voungee than 45 vears Giedim 15,
range 17-43), including 37 paticnts with dundenal oleer
and 42 with non-uleer dyspepsia, Overall 139 (77%)
patients were defined as H. pylars-positive and 44 as 4,
prfarionegaive, according o the combined resilts of

the CLO s, histology and micsoscopy (gold stan-
daed).

OF the 139 H. priorf-pasitive patients, the in-office test
endified 110, 1gG ELISA 131 and 1gA ELISA (19
patienes. O the 44 pold standard A pyforincpative
paticnes, the in-office test identilied 42, 100 ELISA 3
and igA ELISA 36 pavents. Two M. préosi-negative
patients were falsely identificd a5 positive by the in-
affice wst, 13y 1gG ELISA and cight by TeA F1LISAL
Twentv-nine /. prfori-posisive patients were falsely
identified 25 negative by the in-olfice west, cight by 1pG
ELISA and 20 by JgA ELISA. The sensitivity, specli-
ity PPYONPY and overall diggnostice aceuracy of the
w-ofhee st FlexPack HP) and these of the scrum
fed 2nd 1g0 antibodies {ELISA) w I7. pykerd are shown
in Fable 1. There were nu statistically  significant
ifferences in the performance charactedistices of the
WBA in-office test, serum 1pGoor TpA antibodies o £,
prteri between the total gioup studicd and the sob-
gioup of paticars who were younger than 45 years,
Howvever, the im-office wst had a significanty lower
semsidvity (75 = 12.47, P < 0001) but higher speificity
{7 =804, P <000 compured w ELISA LG oand-
bodies to I, prferd. Alb tests had an overall diagnostic
acenracy < 90%.

The WBA in-office test had a high PPV (98%), but a
tow NPV (59%) T'a invesugate whether this fow NPV

Tahle |

Praspeclive evatualion of FlexPack HP test Lades ot 2l 720

wirs related tooa low [0 antibody titre to i prfard, we
venpared  serm JpGotirre smong ruc-positivg, rug-
negative and Talse-negative WRA in-office tests. Ui, 1
shows diar abowe 30% of dhe false-nepmive in-oftice
tests had serun (g oantibody tere to M prdarr > 100
ELISA i

Pertormance characteristics of FlexPack in sarum and
blood

A Medline search identificd 11 siudics evaluating per-
formance chataewesistics of the FlexPack T (FlexSure
L) kin Vighe of these soudies used patics’ serum
19, 111317 -20] and Bve. induding the presene one,
nsed whole blood V3,14.21.22]0 Table 2 shows the
caleulated median valnes for sensitiviey,  specificity,

]
&

|3

8001
600
4004

200

Serum IgG antibodies to B, pyler Uinl}

o
n
=

I -

True negative False negative  True posilive
Rapid whole-biood 1081 (FlexPack HPY

Box-and-whisker plels of serum H. pytori Iy G aniibody Yilre of patients
who were lrue-posilives, true-negatives and false-neqalives by the
rapid whole-blood anlibody (WEBA) in-oftice tesl. The bow includes
50% of the resulls (e, those lalling Letween the 25th and 7510
percentiles - the inlerquartile distance). The modian valae 15
represented as & hotizontal fing inside the box, Qullees, ie. points moe
than 1.5 limes the inferquartile range lrom the end ol the box, are
shown as open squares. |1 is evidenl hat in aboul 50% of the false-

nngalive in-allice lesls, seram g antibody tittes (ELISA) were greater
than 100 urits,

Comparison of the whale-blood anlibody in-office test (FlexPack HP} and enzyme-tlinked
immunasorbent assay (Milenla 1gG, tgA) for serodiagnosis of Helicobecter pylori inteciion

Test Sensitivily (9 Specilizity (%]
Alf patients

FlasPack HP 79 (73-B5)" 95 (92 -98)**
biilenia g 86 (B1-91] B2 [76-89)
Milenia 1gG 94 {31 -97)" oEI-TH
Fabents younger then 45 pears

FletPack HFP 79 17086} 87 (32-100}
Mileniz lgA 75 [65-85) 77 (6B -B6)
Khilenia igG 98 187 100) 74 (54-04}

PPV (o6 KNPV (75) QDA (9}

94 196 ~100) 59 15786} 83 [78-RE)
a4 (31 -07 64 {657-71) 85 (B0 - 90}
01187-25) 79173 -B5) A9 [85-04)
a7 {93- 100} 75 {65 -85) 06 {78--94)
04 {76-22) 67 {57-77 76 (67~ D6
85 {77-031 92 (86-98 87 {B0- 85}

Madian values are presented with 35% confidance inetvals, A combinglion of L0 lest, Nstolngy and bivpsy mieacs was bsed
a3 the gold standa:d Yo detne H. pylort-positivie or nrgalive patienls, PPV, posilive prediciive value: NPV, negalive predictive
valve: ODA, pverall diagrostic aceuracy; * F = 0.001, ' ' P < 0.004,
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Tatiez  Petformance characteristics of FlexPack HP (FlexSure HP) kit

Tolai numbet of patienls Sensilwily {0k}
Serym 1963 07 |74-98)
Yhole blood 967 82 (76 -84)

Statistical diflerence”

U=5 P=-pa22

Specilicity (%) PPV {36} NP 155)
43 74-99) 89 [75-97) #3{77-45)
1{52-95} 90 (63-98) 67 (59-94]

U=10,P=011 U=9,P-027

U=3 P 0033

Yalues (median and rangel have baen crlcuiated (rom wight studhes 19,11~ 13,1 7~ 20 using patien|s’ serum and lve studies 113,14,21,22], including Ihe present one.

useng whele blood in-gitice,
PPV, positive prediclive vahe; NPV, negative prediziive value.
* Mann - Whitney (Wilcoson} bwo-sided (f tast,

PPV and NPV of the kit when it was used with serom
ot whole blood. Comparisen of the median peformunce
characeeristics of the test benveen senmn and Blood
showed that the sensitivity and NPV of the kit were
significandy higher in serum than in whale-blood
samples (P = {023 and # = 00133, respectively).

Biscussion

H. pyiord has had a major impact on clinicai
practice, Guidelines Tot management of £, pyfori infee-
ton have been pablished in Earope (the Magstricht
Consensus Reporn) and in the USA {Nationat Institutes
of Health Consensos Statement) [5,60. These guide-
lines adupt the screcn-and-treat stratepy for youny
dvspeptic paients with H. pyfari fnfection, Avoiding,
endoscopy in thase who ate M. pferi-positive,
without alarming symproms, is a cost-clective ap-
proach. as it may reduce endoscopy workload without
missing sigmificanc disease. These young (< 48 years)
H. pylori-positive patients may be treated by primary
vare physicians with highly effective 7. prford cradicas-
tinn therapies and avoid bospital and specialise refe-
rals.

Cutrently available non-invasive methods to screen
dyspeptiv patiems for A gferd infection are the -
ureit breath tese, deteetion of J. pyfen’ andbodics i the
luboratoty by ELISA, fl. prfers antigen dewection in
stool specimens, and  office-based  {in-office}  rapid
whole-blood M. pylort antibody tests. The latter incor-
pomate high-molecukar weight celf-associated  proteins
{IN-CAP), which are highly specific for I pylars 156G
antibedics [12]. They dJdo not require laboratory Facit-
ies, may he used in primary care sewings by the
primary care physician, and the result is reud within
Smin V,82].

In the present study, we used the Milenia ELISA kit
to detect gG oantibodies to H. pyleri and compare i
with the in-office test. Medline search identified only
one paper {in Spanish) cvaluating the performance
characteristics of the Milenia ELISA test {23, In that
study, the sensitivity, specificicy, PPV and NPV were
tower compared with our data. However, the problem
of poor test performance, and low speeificity in particu-
far, mav urise when o test that was developed amd

validated in one population is used in a2 diffcrent
popilation with Jifferent strains of . peford. In our
hands, the kit had overall performance chamcteristics
within the range reported Tor wther commeretally avail-
able kits {7} 1t is also important o note that the
specifivity of the bl ELISA kits is ustmlty wer than
the respective sensitivity, becanse paticnes I pylasi-
positive by scrology maay be negative by assessimont of
Binpsies, due w a prior infoction,

‘The most widely available tested m-office kic s FFlex-
Sure HEP (Smith Kline) which has heen eplaced by
FlexPack HEP (Abbotd. Fight published reports luve
evafrated the perdformance chamcteristics of FlesSore
or FlexPuck rapid n-office tests, using, paticnts' senam
12,01 =03 17-20) mstead of whale blnml Phey eport
un mine gonps includiug a total of 1983 pationts
(Table 2 In mose of these prblications, the test was
petformed in a lahermory (940112070 probably by
vxpericueed perseanck.

Onty four publiciions buve tested this kicwic whale-
Bhawd under el ia-office condivons 103.04.21.22). In
the study by Sadowski efal [13), five Noith American
centres pacticipated, with a2 total of W3 patiens. H.
mfori-positive patients were debned iy hiswlogy or g
rapid prcase test {gold swndard). The ke (FlexSure
FPy had a sensitivicy of 84%, specificity of 74%, PPV of
74%, NPV of 84% aud overall accuraey of 79%. "The
authers commented that the in-office tese has signifi-
cuntly bower sensidvity than the SIALCAPR BELISA
Leung et el investigueed 161 Chinese patcs 1144
listology, rapid nrease 1est and MCG-orea breath test
were used as gobd standand. "The seasitivity of FlexPack
1P was B2%, specificivy 84%, PPV B6% and NPV 799,
In this swdy, the authars conclude thae the Jow
sensitivity of the kit makes it far from ideal for in-office
paticnt testiog. Shinn & of. [21] studied 94 conserntive
sympramatic patients in lsmel. Histology and the capid
urease test were used as the gold stadard, The kit
(FlexPack) had a sensiovity of 84%, but relatively dow
specificity (52%) when comwywared with the gold sun-
dard, imiting jts vse in the populacion studicd, Finally,
Chey e af [22) stodicd 131 paticits using, histology as
the peld standard, FlexPack had o rather low senstaviey
af 76% and specificity of 79%.
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Our daa on FlexPack performance characteriscics are
womprirable to thuse of published repors [13,14,21,224.
Comparison of the median performance characteristics
hetween serum and whole blood indicates that when
whole blood s used the sensitivity and NI'V of the kit
are significantly inferior to the resuls obtemed with
serume samples (Table 2} When whele-blood is used,
the kit has ga unuceeprably low NFV {mcdian 52%,
range 39-84%). As the data in Fig. 1 show, the resules
of the kit were falsely ncgative in many patients with
an G serum ameibody tite much greater than 100
ELISA units.

"The reason for the unaceeptably low NPV of the kit is
unclear, and our study was not designed to answer this
questinn. Flowever, we speculate that the discrepancy
berween serum and whole-blood results may be be-
vause the latter are peeformed by clinicians and not by
experienced laboratory personnel. Despite the fact cha
Sadowski eral. did not find any significant difference
hevween FlexSure HIP serum and whole-Dlood resudes
[13]. clinicians may misinterprer cases with poor read-
ability manifested 25 a faintly positive result, The low
sensitivity of FlexPack HI? when it is used with svhole
blond is clearly related to the tow NPV of the ki
However, this may not be due to inadequate kit
purformance, but may be related to chablenges asso-
ciated with the collection of capillary blood from finger-
stick. such as proper preparation of the puncrure site

and speed of sample collection w0 aveid coagulation
[13).

Despite the fact that the ovenal! performance character-
istics of the FlexPack HP test are not ideal, as we have
shawn, the PPY of the test is high. If the major purpose
ol in-office resting is to eliminate the need For endo-
scopy in young H. pyleni-positive dyspeptic paticnts,
then patients identificd a5 4. pyfori-positive by the test
could relialdy be assumed o be truly positive, They
vould thus be treated for the infection withour ewndo-
scopy. Only a very small propostion af negative patients
will Talsely test positive and so not have the endoscopy
that would otherwise be indicated. The larger numbers
of infected patients who falsely test ncgative would
simply undergo endescopy as normal and would nor be
compromised. Missing positive paticats would only

vome to harm if they then missed out on appropriace
therapy.

We conclude that more accurate office-based tests are
needed. However, in-office tests can be used to serve
the screen-and-treat strategy for H. pwderd infeetion,
which bas been adopted for the management of dys-
pepsia |3,6], as thev have a high PPV, ie. they reliably
detect f, prigri-infected patients,
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Gastric cancer

Theodore Rokkas, Spiros Ladas and Sotirios Raptis

Helicobacler pylori (Hp) is now well established as having a role
ini the aetiology of gastric cancer and gastric mucosa-associated
lymphoid tissue (MALT)-lymphoma. Research workers aver the
year have been chipping away at its role in the pathogenesis of
the two conditions. Most work is focused on the virtlence factors
that can be shown to be associated with cancer or pre-cancerous
changes, the main data derived from epidemiological, molecular
biclegical and immunological studies, The important contribu-
tions of the year are cutlined in this review, but with each advance
it can be appreciated how complex and multifactorial the malig-
nant process is. Hp is one player in a large cast of which host
genetics is beginning to emerge as an important determinant.
G~ Opin Gastroentandd 16 fsuppl 1):579-522 £ 2000 Lippincot! Wiliama & Wilkins

Second Department of Intemal Medicine, Medical School, University of Athans,
Evangelismas Hespital, Athens, Greece

Careespendence 1o Theadore Rokkas MD, PhD, 1928 Alexandras Averue,
Athens 115 21, Gieece

Te¥Fax: +30 1 643 1334,

email; sakker Boompulinkgr

Current Cpinien In Gastroenteralgy 2000, 16 {suppl 11:519-522

Abbrevialions

EGF  epedermal growth facter

MALT  mucosa-gssociated lympha:d fissue
ODC  Osithing decathoxdase

1358-T26% € 2000 Lippinco't Willams & Wikng

Introduction

This review is structured around the year's contributions
concerning Hp and gastric neoplasms categorized under the
broad headings of epidemivlogical, pathological, those related
10 virulence factors, molecular alterations and host genetics.
The final section deals with conmbutions connecting Hp and
MALT-lymphoma and the factors thac might play 2 role in
the transformation of "Hp-asseciated MALT to MALT
lymphoma.

Epidemiology

Epiderniological studies on gastric caneer over the vear have
fooked at various aspects of the association with Helicabacter
pyiori (F1p). Wong & 4/ [1'] compared rwo populations in
China, one with a high mortlity from gastric cancer in
Changle, versus one in Hong Kong with 10% the rate of
disease. OFf the symptomatic subjects in Changle 76% were
positive for anti-Cagh antibodies eompared ro 28% in Hong
Kong (£ < 0.0001). Eslick ef 2. [2] carricd oura mera-analysis
on observational epidemiological studies. Amongst the 42
srudies that met the criteria there was a two-fold increase in
the risk of gastric cancer if patients were infecred with Hp.
"The more comperent studies supporeed this concept whilst
in the weaker studies che association was less definitive.

Two papers by Brenner of o/ [3™4] investigared Hp and 2
family hiscory of gastric cancer. In one [3™] a posicive family
history and infection with a CagA-positive surain produced a
» 8-fold roral risk of gastric cancer. This combination was
useful for targeting high risk groups. The ather study 4], based
on sociodemographic-derived dara from standard interviews
and 1gG-antibodies o Hp, suggested familial aggragation of
gastric cancer might reflect the familial clustering of Hp.

The Canadian aboriginal communities were the subject of a
study by Berstein e 2/ [5] who compared the sboriginal
Indian Manetoba communicy with the non-Indian population.
Thev looked at demographics, CagA status and PCR for Hp
in the warer supply. ‘U'he gastric cancer rates were similar
although the pepric nleer rates were higher in che Indian
pepulation. The local kake water was free of Hp IINA. Inthe
prospective sero-cpidemiological study by Grimley o 2/ [6]
of a UK population in Govenrry, in which antibadies to CagA
and VacA antigens were documented in patient groups with
duodenal uleer, gastrie cancer, ogsophageal cancer and normal
controls, those wirth duedenal uleers and gaserie cancer had
similar profiles for these Hp-associated antibodies. This
indicated virulent Hp were involved in the pathogenesis of
bath discases and chac andbodies to VacA could be used w
identify paticnts ar increased risk of Hp-associated disease.

Big
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In Broutct ef 2f.s study |7] correlating cumularive gastric
cancer mortality (o the nationwide prevalence of Hpinfection
amongst 1586 patients, they found the mortalicy rare varied
from 34.4-51.8 per 1P of the population. They sugpested that
Hp infection only explained 5% of the variabiliry inthe gastric
cancer mortalicy and a number of biases which were difficul
to control could explain the lack of association herween the
variables.

Through the vear the majoricy of cpidemiological work
substantiated the role of Hp in the pathogenesis of gascric
cancer. However, the relationship is clearly not simple and
the negative studics refleet this.

Pathology

In the search to identify the faccors that promote pastric
carcinogenesis several pathological studies have appeared
during the year. Xia er 2£[8] in a morphological study observed
antralization of the incisura was associared with an increased
risk of atrophic gastritis and intestinal metaplasia. Boch are
important changes in the morphological multi-step process
rowards gastric cancer and, in intestinal-pattern gastric cancer,
belicved to precede dysplasia. Many studies have Jooked at
the role of hyperproliferation in the evelution of gastnic cancer.
Covlc er . [9] have shown that mucosal levels of epidermal
growth factor (EGF), a potent epithelial mitogen and enco-
protein, with its receptor EGFR, were increased nearly two-
fold in Hp-infected patients compared to controls. Fox ef @l
[10*] locked at the role of a high salt diet in 4 mouse gascritis
model. High salt diets ate known te induce gastritis and
premate the effect of certain carcinogens. They concluded
that an clevared salt dier enhanced Hp colonizadon and
potentiated carcinogencsis via increased proliferation in the
gastric pits and by induced glandular arrophy. Nardone ef @
[11"] demonstrated that imespective of Hp starus in chronic
gasteitis there was mucosal hyperproliferation. In addition, in
a subset with Hp-associated chronic atrophic gastritis, abnor-
malities in DNA content, c-Myc and p53 were identificd along
with atrophy and metaplasia. All were reversed by Hp eradi-
cation. Intestinal meraplasia rvpe-ITLis considered to be s pre-
cancerous lesion. However, in a study of a Saudi Arabian
population, where the prevalence of gastnc cancer is low,
Al-Knawy ¢r ¢/ [12] showed thao there was no significant
relationship between a high rate of Hp infection and mera-
plasia in general and mertaplasia type-111 in particular. They
postulate this absence of relationship may account for the low
incidence of gastric cancer in their particular population.

Virulence factors

Contrary to many previous investigators, Kikuehi e af. [13}
found thar at least for young adules, there was little differ-
ence in the overall edds ratio for gastric cancer berween Hp+/f
CagA~ and Hp+/CagA+ proups. They concluded that both
Cagi+ and Caga— Hp infections were related to an increased
risk of both intesunal and diffuse, early, advanced and distal
gastric cancers. By contrast, aithough using a different study
design, Rugpe o @/, [14°] studving gastric cancer in an ltakian

246

population aged < ) years idenrified an actiological role for
t1p infection and CagA+ status for both diffuse and intestinal
patcern malignancies,

Molecular alterations

In the gastric mucosa, the size of a continuously repewed
population of cells is determined by the rates of production
and lass. Ornithine decacboxylase (ODC)is elevared in various
gastrointestinal cancers, it being a marker of mucosal
proliferative activicy. Apopeosis is a marker of cell loss, Both
profiferation and loss have important roles in Hp-associated
gastric carcinogenesis, [lirasawa & &/, (15] demonstraced thae
the eradication of Hp decreased mucosal ODC acriviry 2nd
increased apeptosis, This study lends support to the concepts
that Hp eradication helps decrease nsk factors in the
development of gastric cancer.

Peek et al. [16'] working on human adenocarcinoma gastric
cell lines culwured in che presence of cerain Hp strains and
Caga~, picB-, VacA- detivatives, demonserated diminished
AGS cell viabilicy, progression of the cell cycle from G1 1o
G2-M and enhanced apoptosis was associated with cagd+
strains. This depended on expression of VacA and genes within
the sagd pathogenicity slands,

In another molecular study Murakami e/ [17], via direce
DNA sequencing merhods of p53 exons, showed that Hp can
mduce p53 poine mutations and ts consequently likely o be
involved in the dysplasia—carcinoma pathway.

Host genetic factors

It is accepred that host genetie factors are important in the
developmenr of gaseric cancer and the impacr of Hp infec-
tion, In the casc—control study by Meining ef o/, [18™] it was
shown that the grade of Hp gastridis in relatives of gastric
cancer patients is significantly higher than in controls, This is
indicative of a likely genetic suscepuibilicy influencing the
expression of Hp gastrins,

Genetic susceptibilicy was also a feacure of the work by
El-Omar & af. [19™]. They showed thar host genetic factors
that affect interleukin-1-beta expression increased rhe risk of
both hypochlorhydria induced by Hp and gastric cancer.
Interleukin-1-bera, is a pro-inflammarory cytokine and an
inhibitor of gastric acid secretion. Interleukin-1 polymer-
phisms may determine why some Hp-infected individuals
develop cancer and others do not.

MALT

Banerjee er /. [20°] investigared cell regulatory proceins and
apoptosis that could be involved in the transformation of
MALT 0 lymphoma under the influenee of Hp. They inves-
tigared PCNA, Cde2/Cdk] and cvelin BL as well as measur-
ing the apoptatic index. The findings allowed them to sugpest
thar 2 high labelling index for Cde2/Cdkl and cvelin B
coupled with a low index of apoptosis in Hp-zssociated MALT
may identify any at-risk group.



Chany et 4/.[21") tried to identify specitic antigens of Hp ehac
might be associated with the rransformarion of MALT o
lvmphoma using Western blot techniques. A possible marker
was truncated FldA and antibodies w this antigen might be a
useful indicator of the potential for transformation.

It is known that neoplastic B-cells of Hp MALT lvmphoma
are T-helper cell-dependent and sensitive to T-cell with-
drawal, [’Elios er af. [22") compared clonal progeny of T-cells
from patients with Fp-associated MALT lymphoma with
those from patiencs having chronic gastritis associared solely
with Hp. They locked at Hp specificity, cytokine profile, and
perforin- or Fas-mediated regulation of B-cell proliferacion.
Their findings showed the genesis of low grade gaseric MALT
lymphema could be related 1o T-cell dependenc B-cell
activation and deficient cyrotaxic control of Bcell growth. Hp
however may not be mandatory for the progression of low
grade to high grade MALL lymphoma as Hp had a low
frequency tn advanced high grade lesions according o
Bouzourenc & &f. [23].

"I'he precursor of MALT lymphomas is Hp-induced MALT
and Mazzucchelli ¢ @/, [24*] demonstrated the B-cell attract-
ant cytokines BCA-1 and SL.C are induced in Hp gastritis.
One problem in studying MALL and the development of
MALT lymphoma has been the presence of clonal B-cell
pepulations in reactive MALT. Saxcna & of. [25] feund that in
reacrive MALT clonal bands wete often associated with poly-
clonal smears and were not reproducible in deeper sections,
In MALT lymphoma however there was no association with a
background smear and there was repreducibility in deeper
sections. This lack of reproducibility was a useful feature @
help delincate a malignant from a reactive process.

The vear alse saw two interesting case reports related to treat-
ment of MALT lymphoma. In one reporr {26]. the eradica-
tion of Hp produced regression of synchronous lesions, one
of which was colonic. The ether report [27] was of regression
of high grade MALT lymphoma following eradication of 11p
QIZANISTIS,
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ALTERED GASTRIC EPITHELIAL CELL KINETICS IN HELICOBACTER
PYLORI-ASSQCIATED INTESTINAL METAPLASIA:
IMPLICATIONS FOR GASTRIC CARCINOGENESIS

Hias A. ScoTivNtoms', Theodare Rokkas®, Emma . Frrn®, Basil Rigas? and $1cven I, San

Department of Medicine, University of Peansylvaria Schont of Medicine, Phitudelphia, FA, USA
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We have compared apoptosis and proliferation in antral
epithelium from individuals not infected with H. pyleri (Hp),
those with Hp-induced gastritis and those with Mp-induced
gastritis containing areas of gastric intestinal metaplasia, the
precursor lesion to gastric adenocarci Antral biopsi
from 42 patients were assessed for evidence of Hp infection,
severity of gastritis and intestinal metaplasia. Apoptosis was
evaluated by the TUMEL assay and proliferation by Ki-67
immunohistochemistry and were expressed as apoptotic (Al)
and proliferation (PI) indices. In the 31 Hp-positive (Hp')
patients, apoptosis and proliferation were increased com-
pared with the |1 Hp-negative (Hp~} patients (Al = 1.21 +
0.13% vs. 0.15 = 0.03%, p < 0.0001; Pl = 24 = | % vs, [3 = 2%,
b < 0.0001). Increases were proportional to the severity of
the inflammation, Within foci of intestinal metaplasia, in ¢ of
the Hp* patients, apoptosis was significantly reduced com-
pared with surrounding gastritis (Al = 0.20 £ 0.06% vs. 1.34 =
0.23%, p=0.0014), whereas proliferation was not altered
(Pl = 25.4 = 4% vs, 24.7 = 2%, p = 0.87}, resulting in a lower
AYPI ratio in intestinal metaplasia than in surrounding gastri-
tis (0.008 * 0.005 vs. 0.054 £ 0.009, £ < 0.02). Hp-induced
gastritis is thus associated with increased epithelial apopro-
sis and proliferation compared with uninfected contrals. In
intestinal metaplasia, proliferation remains increased but
apoptosis reverts to normal levels, and this perhaps contrib-
utes to Hp-associated gastric carcinogenesis, Int. . Concer
85:192-200, 2000,
¥y 200D Wiley - Liss, fnc.

Idemification of the pathogenetic role of Hp has revolutionized
our approach wward peptic uleer disease and low-grade gasteic
lymphomas, or MALTomas, Both entities often result from infec-
tion with Hp and the wecompanying host inflammatory response.
The bost reaction. chronic gastritis, is tncapable hy itself of clearing
the infeation without antbioie medication,

The ability of the arganism to ioflicy injury [fur review, Bodger
and Crabtrea (199%)] is probably relaed to the presence in the
bacterial genome of a “pathogenicity 1sland.” for which the caga
gene is a marker. Evidence points to direct injury to the epithelial
mucesd by cylotoxins and enzymes claborated by the bacterium,
such as lipase, protease and annmoniz-producing urease. In addi-
tion, indirect injury is caused by enhanced pasiic-aeid sceretion by
the nfected gastric epithelium, The kost inflammatory response,
with irs attendant production of oxidants and reaclive nitrogen
intermediates. contributes (o an injurious milicw. 1¢ s likely that
many of these interrelated pathways play a role in the pathogenesis
of chrame gastritis.

Long-standing gasizitis has been known since 1981 to progress
10 gastric adenocarcinomi in i subset of paticnts, Cortes (Correa,
195 1) described the progression of the histologic Tesion of chronic
gastritis Lo gastric arrophy, followed by imestinal mctaplusia,
niesting) metaplasia, characterized by loss of gastric glandular
epithelial cells (oxyntic, ¢hiel and mucous cells) and substilution
by intestinal-type epithelium containing goblet cells, is @ precursor

to the development of dysplasia and carcinotna. The identification.

of Hp s the most commuen cose of chronie gastritis prompted
severd] epidemiologic studies linking Hp infection and pastric
canver {Scheiman and Cutler. 1999). The strength of the revealed

association led tethe classification of fp as a class earcinogen by
the Intemmational Agency for Rescarch an Cancer (1994, the first
bacterial agent in this category (Anonymous, 1994 A recent
meta-analysis eslublished the inerease in risk for pasiic cancer o
Hp infectivn to be about 2-fold (Huang et af.. 1998}

The vecopnition of Hp as a carcinogen has spurted 1he sudy of
its ctfecls oo epithelial cell kinetics. In the rapidly dividing
epithelium of the digestive wract, homeostasis Is malntained by a
careful balance between cell proliferation and apoptosis, Both wre
highly regulated processes that are also essentiad for Gasue remodel-
ing during development and tigsue repair following injury. Disrup-
tion of the bakince in favor of apoptosis resulls in excessive cell
loss. whereas o halance favoring proliferation leads 10 accumula-
tion of ecells. Since apoprosis effectively removes cells with
damaged DNA [rom the epithelimin, its suppression leads to a
survival advantage for metated cells. Such distuption inhe balance
etween apomtosis and proliferation has been inplicated in carcing-
genesis in uther epithelial ussuus,

Many investigators have demenstrated Hp-taduced apoptosis in
gastric epithelium Jreviewed by Anti ef al, (1998)]. Other studies.
have shown enhanced profiferation in the gasiric mucosa in
Hp-infected patients (Anti ef af., 19983, This 1s marked not only by
an inerease in profiferating cells but also by an expansion of the
“proliferative zone™ from the neck (midpattion) of the gastric pit to
the surfuce and the deeper glands, where proliferaing cells are
normally absent,

To gain insight into the mechanisms of gasiric carcinogenesis.
we studied the processes of apoptosis and protiferation within
Hp-infected tissue, with panicular emphasis on the malignant
precursor lesion of intesiinal metaplasia. Biomarkers of cell
turnaver were ncusured within this Iesion and compared with
nem-intestinalized antral epithelium with Hp gastritis and
non-infected cuntrols, We now deseribe our Godings that. coinci-
dent with progrossion from gastrits o mrestinal metaplasia, there
152 reduction in apoptasis while proliteration is mainained. This is
consistent with a cefl tumever state that tavors further evolution
intw adenccarcinomta,

MATERIAL AND METHODS
Putients
We studied endoscopic gastric biopsics from 42 parients (30
male: ages 1§ T8 years, mean 45.4 years: 12 female: ages 28-5%
years., mean +3.9 years) who underwent esophagogastraducdennos-
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copy for dyspeptic symptoms by a single endoscopist (TR at the
General Military Hospital in Athens, Greeee, Gastric antral tissue
btpsics woere [ormalin-ficed and paraffin-embedded for routing
histopathelopy. Our study was approved by the appropriate institu-
tional oversight commithees,

WNone of the patients took non-stercidal, anti-inflammatory
medications for af least 1 week prior w the procedure. The
disgnosis of Hp infection was established on gastric biopsies using
2 combination of 4 tissue urease rest (CLO test Tr-Med Special-
ties, Charlouesville, YA) and thiuzine staining. CTLO 1wst was
performed gt the tme of endoscopy and imerprewd by an
experienced endoseopist. Thiazine stain, a moditied Diff-CQuik stain
i Dade International. Aguada. PR). was performed aceording to the
dicections of the manufacturer and evaluated by a pathologest (EF)
Blinded 1o the rexults of the CLO test. The paticrt was considered o
be £ i buth wsis were positive, If anly one testwas positive, the
infection status of that patient was considered equivocal, A patient
wits considered Hp 1 buth tests were negative,

Assesstment of gasirinis

Hematoxylin and eosin (H&T j-stained scetivns were examined
by the same pathologist who was ungware of other experimental
results. Te avoid Dias, o significant time interval between cxamina-
tion of the 2 swins elapsed. and the slides were tandomly read.
Samples were evaluated histelogically for the following: 1, acuice
gastritis; 2. chronic gastritis; 3. intestinal metaplasiy. Acute gastritis
was defined as cpithelial and seromal nfiliration with neutrophils,
and chronic gastritis was defined as infilration with menonuclear
cells. Eachtype of gastritis was scored (-3, acearding to g medified
Svdney classification; & — absent, | — mild, 2 — moderale. and 3
— severe (Price. 19913, The sum of the scares for avule and chronic
gastritis defined the cumutative gustrivis score [CGSY used for
assessment of gastritis severity: mild (OGS = 1-2) moderan
(CGS - 34y marked (CGS = 561 Intestinal metaplusia was
defined s the presence of foct where at least 3 neighboring gastric
pits contained 2 or more goblet cells in each pit, Inlestinal
metuplasia was also subclassified a5 complete or incomplete.
Complete metaplasia exhibited absorptive cells in a well-defined
brush Border or Paneth cells in the gastric pits (Filipe and Jass,
19956}, Incomplete metaplasiu displayed neither of these features,

Assessinent of apopiosis and profiferation

Ciastric epitheiial cell apopiosis was ascertained histochenncally
by A mo fon of the terminal deoxynucleoidyltransferase
{TdT)-mediated dUTP-biotin nick end-labeling (TUNEL} metwud-
ology. Five-micrometer tissue sections (106 nsatral buitered
furmalip-fised, paraffin-embedded) were mounted on charged
microscope slides (Fisher, Springtietd, N1, To permit staining and
scoring of separate gastric pits on a single slide. sectivas were cul
approcnately 50 pm apart. Al lcubations were carried o &
ambient roem temperature uoless designated atherwise, The sec-
tioms were deparaftinized in xylene. Gadogenous perosidase activ-
iy wits quenched with 2% H20: solwion for 15 nin, and the
sections were rchydreated in graded aleohols, Nuclear protein
stripping was cwrmied ot with proteinase K (20 pg/mly {Bochringer
Manmheim, Indianapolis, IN) fur 15 min. 3-end DNA fragmem
elangation wis carmied out as follows: After pre-incubation with
TdT buffer (30 mM Tris-HC base, pH — 7.27040 M sodium
cavodylote/! mb coball chloride) for 5 min, seclions  were
fctehated at 37°C for | he widh the same buffer conaiming,
addition. .3 Upl., TAT (Phurmacia, Piscataway, NI and 40 pM
biotin- V-dUTP i Bochringer Mannheimy. The reaclion was termi-
nated by washing for 15 min in a soluwion of 300 mM sodium
chlortde/20 M sodiom citrate. pH 7.0 and the slides were then
washed with waler amd PBY. Staining was accomplished by
incubating at 37°C for 30 min with extra avidin peroxidase (EAP)
(Sigma. S1 Lowds, MOY diluted 1:208. 10 a tinal concentration of
0,011 medmil ¢ 1.32 purporagallzain unit/miy. in a buffer containing
16 BSAM.S M NaCV 12 PBS, followed by incubation for 2 min
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with treshly prepared 9.4 mehol disminobenzidine (DAR, Sigmu)
solution. Siides wene counerstained with freshly flercsd Hanis!'
hemutaxy o [Shandan, Pittshureb, PA) and 24 NLOH, washed,
dehydraied. mounted with coverslips and examined microscopt-
cally, Positive and megative controls were included in every
staining fun. Posilive control sections were pratreated with 1 pgfml
DNAse | {Sigma for 1) min ar room temperatire prior to appiying
this methodology. resulting n positive {brown-colured) staiming ot
all nuelei {Fig. 2, paned o inset at upper right-hand corner). In the
nogative controls, TAT or biotin- 16-dUTE was omitted from the
histochemicul provedure, resulting in unifoninly negative (blue-
colored) nuclear staining.

Profileration was assuved by immunoperoxidase staining for
Ki-67. u prolileeaiion-associated antigen, using the MIB- | monoclo-
nal antibody (MAb), Four micrometer-thick tissue sections cul,
mounted on charged slides, deparaffinized and rehydeated as
deseribed above were stined by an indirect immunoperoxidase
methd. Endogenous peroxadosg activity was blocked with 195
HyO» lor 13 min at room temperatare, Seclions were then rinsed
twice in double-disilled water, microwaved twice. 5 min each, in
Citra antigen retricval solution {Biofienex, Sun Ramon, CA) and
allowed w cool 1w room emperatie, Non-specilic binding was
Blocked witl 16 normal goat serum §NGS) (Pocono Rabbit Farm
and Labormory, Canadensis, PAY. The primary MAb, MIB-1
{Immunatech, Westbrook, ME) dilwed 1:50 10134 pgfnhy in 1%
NGS, was incubated at 4°C in a humiditied chamber overmght,
Alterwards, slides were allowed o warm @ room temperatung, thea
were incubated with BXK dilution of harse anti-mouse seeondary
aotibwly for 30 min at reom temperature (Vector, Burlingame.
CA)Y, Avidin-biotin-perosidase complex (ABCT reagent: Vector}
difoted LIG i 1% NGS was added for 30 min at room
wmperilere. The sections were then developed with 0.4 mg/mb
DAB (Sigma). counterstiined with Harris' hematosylin (Shandaon),
dehydrared through graded aleohols, mounted with covershps and
examingd microscopically, Only staining runs where the labeling
index was comparable (within 1%} with previous rms using a
single block of nssue were used for quantitative analysis. Positive
controls; normal colon tissue sections, stuining positively with
MIB-1 at the basal pordons of the crypts, stained in paralle] with
the gastric smnples, Negative controls: lgQ. dilueed 1:200 in 14
NGS ffinal coneenration) was substituted Tor MIB-1, resulting in
unifonmly negative (blue-colarcd) nuchear staining.

Onartification of proliferation and aprprosis

For each patient. 1 (00 gastriv epithelial cells i the foveolar
region of loagttudinally sectioned gastric pits were counted n
seetions skaired for both apoplosis and prolileration. The apoptatic
index (AL was delined as the ratio of TUNEL-positive to total
nuelei counted multiplied by 100, The proliferative indes {PT) was
defined as the rutio of Ki-67-positive nucle 1o totd nuclei eounted
multiplied by 100, In biopsics with intestingl mctuplasia. sepurate
measuremens were obtained (rom the toveolgr eegion of gastric
pits with and withonl metaplasia, Counting was performed by o
single ohserver (15), who was blinded to the Hp staws of the paticnt
whose tisste was being examined. The apoplasisproliferution ratio
(AP} was obtained by dividing the Al by the PL Beeause neither
is @ comprehensive methed that measuzes the proliferation or
apuplosis i tissue with abselue accuracy, in nonmal mucosa,
where apaplosis and proliferation should be in equilibrium, the
ALPD ratio 15 below unity. However, this ruto cun be applicd 1o
compare ditferences in cell turnover kinetics of different groups of
patients within the gastric mucosa.

The accuracy and reproducibility of the quantitative wssessment
was verilied by repeating measurements on the tiest 10 speciniens
afeer afl the slides had been counted. Initial and cepeat measure-
ments of Al and PLwere within (0,25 of each other in cach of these
SPECINILCHS,
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without focl of muetaplasie: G

VAs dleternined by CGS eriteria (Prive, 19903, N, ponal: G Hp-associated gastritis in antral epithe live
M. gasrilis i anteal epatheun neighber

ot ol itueinal metaplusia,

Values in parentheses represent <laining mesurements m epithelial eells within meaplastic sastric phs.

Staristical analvirs

Twoeailed statistical tests were wed to evaluate the data,
ANOVA wus med for comparisons between patient weoups,
Dilferences between Toci of metaplasiat and sumounding gastrits in
the sume palicnts were assessed using lineir regression analysis,
Stalistical amalysis wits performed using IMP Softaare {SAS
Instieate, Cary, NCJ. Significanee value wax setalp <0005

RESLLTS

Hip érrocrivn stofirs

Table [ shows the clinical diata of our patients. OF the 42 gastric
muosal biopsy specimens examined. 11 were fp and 31 were
Hpo There was LOU% comeordanes between results of the CLO
test and thiazine staining west for fp detection. Biapsies fram all 11
Hp o patients were Ristolugicaliy normal on Hek: examination, All
31 Hp o paents exhibited histalogical waritis, with severities of
mild o 19, moderate n 16 and marked in 5. Foel of intestinal
metaplasic were noted in 9 of the 31 Hp* patiens (4 with mild, 4
with moderae und 1 with marked gastritis). ntesting metaplasia
wan subclussified s incomplete in 3 patients and complete in 6
putients.

Apapinsis

Table [[and Figure | summarize the AT in this cohomoof putients,
Apoplosis was roted in only (.13 2 0.03% (his wd all subseqguent
values are mean + SEM) of the epithelia] cells in the gasiric
mucosal specimens from noomals, When all specimensy exhibiting
skl were examingd as a group, the AL was increased K-fuld, w
122 £ 0035 g < 000010 Al increased i parallel tothe severity
of gastritis; (.66 * O1RS inmikd, 143 - D17% in moderate and
166 = (L16% i severe (p = OIS, p <2 00000, p < 00001,
respectively compared with normal epitbeliom, Fig, Dot is
nateworthy that the A@ reuches maximal dntensity at the stage of
DU AL GISES

AT was also determined i the specimens with foel of inkestinal
metaplasia. An 85% reductiog in AT was noted in the intestinalized
campared  with non-intesinalized  pits (020 < 0.06% v
134 2 0236, respectively. p - (LG0T, Indeed. the Al of intesti-
naltecil epithelium was similar to that of nommal contrals. There
wirs o differenve hetween Al in the loveolar region of pits with
complete  or  incomplete metaplasia (023 T O06% s
005 = 0005 respeetively, pr = (0L6). Figure 2 also illostrates these
findings, This figure exhibits photomivrographs of representative
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TABLE Il GASTRIC LPULHTLIALCLLL

CED INTESTINAI METAPLASIA

KINETICRIN H ANTY e BATIENTS

Al Bl ALBI

Normal conteods {n — [ 1) 015 ~ 003 13%2 N4 - D9

All gasinitis (o — 313 1.22 + {113 40 (051 = (s
Mild gasteitis in - 1 URCIARER T ap - 0033 = Q08
Muderate gastritisin = 16) 143 - 07 /572 1.4056 = 0006+
Severe gasuitis (n = 5) .66 - Q.16 23 0061 = 0007
Gastrits without IM (o dn - 22} 117+ 0 e M2 050 = 007
Castrits around IM G - M) (n - 9 |34 +0.23- (033 - 000
Inbestinal mesaplasin {1M) (n = & (3203 = {101 {008 1 NANS-

Apoptosis (A6, profiferauen (PI) and AP rativ were deteomuned in the epithelial cells of the antral

muwcosi ol patieats without Hp infection (normalsi. pati

ents with Hpr-associated gastritis of varving severity

and wilhin foci of intestinal metaplasia and surrounding gasiritis in Hp gusteitis.

Compared with normils (or nonck: ' < 00K, p
po< 0L=Tp = Q1 Sp = 002 003, T >
Cpo= 004 e < 002" p = 108 (not significan),

sections from normal Hp  antral mucosa, Hp-associated aastritis,
Hp-gssociated pastritis neighboring o metaplasiic focus and a
metaplastic focus, all stained by the TUNEL method, The relauve
abundance of TUNEL-pasitive epithelial cells in areas with
gasiritis is readily apparemt in panels b and o (see ammows).
Apoptatie cells were seen umifornly throughowt the sastritic
sections, thus caleulated differences in Al are unlikely 10 be due ©
sampling errer. Panel ¢ depicis the loss of apoptotic bodies as one
Lransits imo metaplastic foci. where intestinal-type epithelium is
surrounded by areas of inflammation. Panels ¢ and o show the
relutive paucity of apoptotic cells in both normal mucosa and
metaplastic foci, respectively, In fact, in the sections poroayed. no
TUNEL-pasitive cobls are seen.

Proliferation

Table 11 and Figure 3 demonstrate the Pls from the gastric
binpsics of these pationts, In norrnal antral epithelive, 13 - 2% of
epithelial cell nuclei stained posiuvely for the Ki-67 antigen.
Overall, in Hp-induged gastritis, the P way increased ncarly 2-fold
w24+ 1% (p <2 0001, As in apoptosis, the PLincreased in
proportion ta the severity of gasiris: 20 % 2% inmild, 25,7 = 2%
in moderate and 27.2 £ 3% in severe (p < 0.02, p < 00001 and
< D.O0AL, respetively, compared wilh normal epitheliom, Fig, 33,
Sinilar to apoptosis, the increase in PlLoappeared (o 1each a
maximum e the stage of moderate gastritis, 10 contrast 1o
apuplesis, however, proliferative setivity within the foveolae of
mtexstinalized metaplastic pits was maintained at the elevated level
seen in the swrounding epithclium (254 < 2% v 247 - 2%,
respectively, p = 00875 As was observed for the Al in the gastric
pits with metaplasia, the P] messured in the foveolae of pits with
ncomplete metaplasia did not ditfer (tom those with complete
metaplasia (27,2 1 95 vs, 248 L 5%, respectively. p = (L8). This
is itostowed o Figue 4, which shows phatomicrographs of
reprosentaive sections of Hp-infected antral mucosa and win-
leered normal mucosa stuined for Ki-67 expression with the MIB-1
MAb. [Lis noteworthy that epithelial cells in bo the intestinalized
{panels ¢ and o) and non-intestinalized gastric pits (pancls & and ¢}
in the Hp-infecied samples show similar rates of staining with
MIB-1 antibody and that this i more abundant than the staining in
the normal uninfected pits (panct g).

Apoprosix index 1o proliferation index rario (AP

T assess the relative contribution of apopiosis and proliferation
in a given specimen, we determined thie AVPL As demonstrated in
Table [ and Figure 5. the ALFP! ruio was 4-fold higher in
specimens ¢xhibiling gasiritis compared with normal sumples
(p — 0.0U3), reflecting the dispropertionate tnduction of apoplusis,
The ATPTin normal enithelinm was not signifcantly different from
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< (LODDY, - Ap < 00001 Fp = D002 - 5 = 0003~
1035 {not sagnificanth,  Compared with 3~ I

that found in mild gasiritis (p — (1331 bet differed sigmficanty
from sections with moderate and marked wastritis ¢both, pr < OO
Within intestinalized mctaplastic foci, however, the AIPT ratio was
reduced 85% compared with tha of the swrrounding tssue with
gastritis but with no evidence ol metaplasia (p < 0.02), being
similar to that of normads (p = 0.31). Figure 6, which shows the Al
and PLof each subject. further demonstrates these changes. I s
clear that the reduced AVPT reflects the substamtial reduction of Al
i intestinal metaplasia. Figure 6 alse shows that in addition
yeduced apoplosis, the proliferation in the metaplastic mucosa
tends 1o be slightly higher Lhan in the norral gastric mucosa.

DISCUSKION

We investigated the etfects of Hp infection on the epithelial coll
kinetic parameters of apoptosis and proliteration in the antral
mucosa of palients evaluated for dyspepsio. Both Hp-associated
gastritis and intestinal melaplasia, the precursor Jesion w gastric
adenvcarcinoma. were cxamined,

(Our data demonstrate that in oormal (Flg ) wastric mucosal
epithelivm, the haseline rate of apoptosts was low, with a mean of
appraximately 1 apoprotic (TUNEL® ) cell out of every 667 vells.
TUNEL " suzining indicates the presence of abundant broken ends
of DNA and 1% # hallmark of apopiosis. panicularly when detected
i isolated cefls within o Ussue. Apoptosis was significantly
enhanced in inflarcd cpithelium harboring Hp, with greater
apoplosis in samples with moderate and severe pastritis than in
those with mild grades of inflammution. Qur finding of inercased
apuplosis assoviated with Hp-induced inllammartion agrecs with
priar studies, which showed that sugmented apoptosis is abolished
hy Hp eradication (Tones ef af., 1997),

The mechanisms by which /i increases apuptosis in the gastric
epithelivm are unclear. It is possible that & bacterial facior rather
than an inflammatory or other host tissee madiator is responsible
tor this response. For crample. there is evidenee thar apoptosis is
induced through release of reactive nitrogen inlennediates by the
praanisn (Marmick e @f, 1996). Enhanced spuptosis is absent in
eastrie inflammation due to etiologies atier an Hp, such as
non-stervidal, anti-inflammatory agents or Crohn's disease (Jones.
ar i, 19973 In addition, Hp stimulates apoptosis in gastric
epithelial cells i oedire (Wagner o7 ol 19970 Potential faclors
up-repulating apoplosis in Hp infection include cell eyele arrest
associated with p2 1™ induction (Ashkortab or el 1998). Fas
ligand expression by infilirating CT45° cells wnd CDYS receptor
exprassion (Rudi eraf., 1998),

A major tinding of vur study 1$ that apoptosis was conspicuously
diminished within foci of meiaplasie epithelium. approaching
riles ubserved in non-infeeted vssues. Diminished presence of the
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Fiiure | Apoptosis in anirgd epithelium of noermal individuals and
Hp-inlected patients. Apopiosds was delermioed e ssue sections
stanaed by the TUNEL wechnigue as deseribed in Materiul and M bods.
Al represents the ratie of TUNTL Yt tonal nuclei coumed mulliplied
by KL N poral, G Alp-ascociated gasinns noantreal epitheliom
without loci of metaplasia; G ¢ TM: gasinis inoantral epithelium
reighboring foci of inlestinal metaplasias IME foei ol intestinal
metuplasia, Comparcd with oormals tor nonek a: p o< (K frp oo
Q001§ p = 05 tnet signilicamt ). Compared with G = 1M %o —
00014 §: p = 005 (ot signibeant).

FIGURE 2- Apoplosis in gastric epithelium. Photemicroeraphs of
representative seclions of pastric tissue stained by thwe TUNEL tech-
igque for the detection of apomotic cells as described in Material and
Methods, fag fp - normal imucosa; () anteal gastritis inan Ap® patient:
ic) ransiemal sone. area of gastritis peighboring o focus of intesting]
metaplasia i oan Hp o patients 1) Hp-induced iniestinal metaplasia,
Tnaet i upper rght-hand cormer of panel o s a representitive positive
contred secnion of Hp o nonnal mucosi pre-treiated with DNAse | as
described in Mateoial and Methods, Scule bar = 0.2 mm,
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FiGURE 3 Proliferaton in anwral epithicliom of normal individuals
amt Hp-infected  patients, Proliferanon was determined o tssou
sections stained dor eapression of Ki-67 antigen as described in
Material and Methods, PL represents the ratic of Ki-67-positive mucled
to totd nuelei couneed mudipiied by L0 I normal: O Hp-ussociated
gasirilis in antral epithelivmn without fi of metaplasia: G - 1M
gastritis in antral epitheliom neighboring locs of intestinal metaplasia;
1T: foci of intestinal metaplasiv. Compared wish nomals for none g a:
poe 0000 by po2 0008 T <2 (U0, Compared with G F Ih §ip
S (LIS (et sigilicanty.

FIGURE 4 Proditeration in gstric epithelium. Photomicrographs of
representative secticns of gasine lssie immunahistochensically stained
tor expression of Ki-67 antigen s described in Marerial and Methods,
i) My normal mucosa: (&) antral gastritis inan Hp o patient fo)
transitional zene, area of gastrlis neighboring a tfocus of intestinal
metaplasia in an e pusicnts (d) Fp-induced infestinal metaplasa.
Scube har - h2nm.
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Figure 5 Ratio of apoptosis W proliferadon in amral epitheliom.
N noecmal: G Hp-esociued gasteitis in antral epithelium witkew foci
af metuplasiag G+ [M: gastritis in antral gpithelivm neighboning foci
of intestinal metplasia; IM: oo of imestinal metaplasia, Compared
with normals {or noned: o p < (LN & - 0002 o p — t](}l ip
{03 Tt signitican), Compared with G + TV *: p- 02 p =003
(e significant,

greanism in the netaplastic foci 18 an unlikely explanation. since
Hp is able o adhere wointestinalized epithelial celts {Genla of of.

19496} In our sections, we were able to idenlify areas of inkestingl
metaplasia closely apposing apoptosis-rich wess of inflammation
[Fig 2). 1 appears that the intestinalized metaplastic epithelium
develops reststance (o the pro-apopiatic farces applicd to il by its
neizhboring enviconment. This coubd be mediated, Tor cxaraple, by
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Fraume 6 - Proliferation vy, apoptosis in the siudy subjects, Each

poine represents Lhe P oand Al ab o given sobject.
Fp-assoviawed gastrivs in aneeal ep:thcllum withunt Toci of metaplas
G - IM: gaswritis in antral cpitheliom neighbaoring foci of intestinal
metaplasia: (M0 foci of intestinal m;laplasm Bmh [rotifeemion and
apopkests are nereased with Hp-assoctaled gactris, even when at
contans nctaplastic foci, Howevee, within metuplastic foei. Al s
cirainished hut P remains relatisely high.

N noral; O

aberrant expressian of anti-apoptotic protcing, sueh as Bel-2, which
bas been noted within loci of inestinal metaplasia (Lavaces et af,
1994y, Reducion of apoptosis was noted cqually within the
foveolar tegion of gastrie pits exhibiting vither incomplee or
complete metaplasia. Although incomplete intestunal metaplasia
has the strangest associalion with developmem of adenovarcinema,
complete intestinal mewplasin may also be a precursor lesion
ifilipe and Jass. 19861, Gthers have reporicd higher rates of
apoptosts and proliferation m incomplete ve complele metaplasia
(Imatani ¢f af., 1996% These studies evalusted metaplastic gastric
pits in the vieinity of fully developed carcinoma in various gastric
segments. We examined cell kinetics i gastric intestinal melapla-
siit before any imalignancy could be manilest and. thercfore. may be
more relevant o the earlv events in the antral mueoss that give tise
o Caneer,

We also showed that there Is an segmentation ol coll prolifera-
tion in Hp nfection. Fan ef ah (1996) have previouslty shown that
pre-incubation of cultured AGS gastriv cells with supernutants
fram bhoth Hp- and mitogen-schivated peripheral blood lympho-
eyles increused their prodileralion (Ki-67 pasitivityy, Other it vitn
studies, however, have shown inhibition of proliferation of gastric
cell tines by soluble extract of Hp (Chang ef ad., 1993%, Our results
agree with the fn cive results of Beehd ez af. (1996) and Fraser ef o,
(1994}, wha have shown that Hp infection has a positive prolifera-
tive effect on pastric epitheliwm. Mot only sre the ol numbers ot
profiferaling cells inereased but alse Hp infection is associsted with
an abnormal distribution of praliferating cells along the longitudi-
nitl axis of the gastre pits (ANt er af.. 1998). Eradication of My is
assoctated with retum of proliferation to normal levels (Lyach e
af.. 1995, This proliferative reaponse to Hp has been linked to the
development of hyperplastic mastric palyps, which were also shown
1 rearess afler Hp cradication [ Mocek er af, 19943 In our swdy.
these relatively high rates of proliferation. measured by Ki-67
staiming. Wwere preserved within Foci of intestingl  metaplasia.
Interestingly, lerardi eral, (1997}, using 1 BrdL prolileration assay.
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Milg Mod.-Marked Intestinal Adeno-
>l Gastritisl Gastritla Metaplasia —> carcinema
Apoptosis Ll T TT > ?
Prollferation > T TT TT TTT

Froome? - Epichelial el kanetivs during gusteic carcinmgenes

yeressive increase in proliteration is noted. Apoptosis increwses in gastrits

Bt returnes 1o levels comparabde 1w non il wASLee (aenss b in mtc\um] metaplasiic This cell enover imbalance Tikely contributes to pastric

ar LIT]("’A.['[L'H&

showed 4 similar pattern of augmented prodiferation in focl of
intestinal mcraplasia compancd with arcas of masteitis, This iy in
contrasl with earlier studivs by this group. using PONA inumuno-
staiming., which shawed even higher levels of proliferation in ares
of imestingl inetaplasia comnpared with gastritis (Panelln o1 af.,
1996y These diftercnees are Likely explained by differences in the
expression of 3 ditferent antigens during the cell evcle. lerardt e alf.
(1997Y also demonstraed e the hyperprobiferaion assecisied
with tntestimal magplasia s not resersed by Hpoeradicagion,
suggesting that proliferation of the mudplasm el is v longer
dl,pc.ndcnt on bacterial fuctors, Therefore, ransition to inwestin!
metuplasia ey be @ crucial and perhaps frecversible step in the
chain of cellulur events leading o disordered pastric cell growth
and carcinogenesis.

W wsed the AVPD ratio ax o gauge reliting the 1 processes
involved in epithelial cell wraever. Moderae or severe (but nor
mild) zasiritis was associuled with a signiflean increase in this
ratio compared with norpal mucesa, Linder these cireomstanges,
the net loss of cells ina paclicabar arca may resull in ulcerogenesis.
Howewer. when inesinal metaplasia appears. the catio dimanishes
signiticantiy. This is prinarily due 1o o marked downshitt in
dpuptu\]\ as profiferation within these foci 13 mainwined (iflis-
teated in [Fig. 2. Thus, the balance at this poinl lvors increased
cell numb‘.rx. This cell rnover state could sustain the accumuli-
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tion of somatic mutatons i gasteie epithelial cells. therelore
pramoting  progression o gasirie adenocarvinoni, Since this
proliterative state appears (o be unaifected by eradication ol {fp.
the dysreantarion of cell Kinetics in inwestinal metaphasia may be a
eritical breversible step toward the developmeat of mastric cancer.
“This sequence of evens in gastric epithelial wrnever is depicied in
Fignre 7

In summary, our duta show that Hp-associated gastrilis is
characterized by progeessively increasing rates of proliferation und
apaplosis i epithelial eells, whereay the deselopment of intestival
metaplasiu, @ precorsor W pastric carcinomy. is churacterizod by
much lower rates of dpnpl()\IS along with relatively incremed
priviterion. These changes, passibly irseversible. may represent a
crucial s1ep I gastric carcinogenesis resulting trom Hp infection.
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Meta-analysis of the Relationship Between Helicobacter pylori
Seropositivity and Gastric Cancer

JIA-GING HUANG, SUBBARAMIAH SRIDHAR, YING CHEN, and RICHARD H. HUNT

Diwvision of Gastroenteralogy, Department of Medicine, McMaster University Medical Centre, Hamilton, Ontario, Canada

Background & Aims: Reports in the literature regérding
the relationship of Helicobacter pylori infection to
gastric cancer are conflicting. The aim of this study was
to identify the source of heterogeneity between stud-
tes. Methods: Meta-analysis of cohort or case-contral
studies with age- and/or sex-matched controls, provid-
ing raw data on H. pyfori infection detected by serology,
was used. Resufts: A fully recursive literature search
identified 19 qualified studies with 2491 patients and
3959 controls, Test for homogeneity found a signifi-
cant difference in odds ratio between patients with
early and advanced gastric cancer {6.35 vs. 2.13;
P = (1.01}, patients with cardiac and noncardiac gas-
tric cancer {1.23 vs. 3.08; P = 0.003), and population-
and hospital-based controls (2.11vs. 1.49; P < 0.001).
The summary odds ratio for gastric cancer in H.
pylori-infected patients is 1,92 (95% confidence inter-
val {Cl], 1.32-2.78}, 2.24 (95% CI, 1.15-4.4}, and
1.81 (95% Cl, 1.16-2.84) for all studies, ¢ohort, and
case-control studies, respectively. H. pylori-infected
younger patients have a higher relative risk for gastric
cancer than oider patients with odds ratios decreasing
from 9.29 at age =29 years to 1.05 at age =70 years.
H. pylorl infection is equaily assaciated with the intesti-
nal or diffuse type of gastric cancer. Conclusions: H.
pylori infection is a risk factor for gastric cancer, The
hetercgeneity of reported results is caused by differ-
ences in the selection of controls, patient age, and the
site and stage of gastric cancer.

astric cancer is one of the most common malignan-

cies in rhe world, although the incideace and
mortality rate have been decreasing over recent de-
cades.!? Gastric carcinogenesis is 2 multistep and a
multifaccorial process. Evidence from parhological and
epidemioclogical studies has provided us with a human
model of gasceic carcinogenesis with a sequential evolu-
tion. in most cases, the initial stage is chronic gastritis,
followed by atrophy, intestinal metaplasia, dysplasia, and
eventually carcinoma. The rezl cause of gaseric carcino-
genesis s not fully understood; however, several environ-
mental factors including Helicobacer prviori, excessive
intake of sale, bile reflux, N-nitroso compounds, and a
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deficiency of antioxidants have been linked with different
stages of gastric carcinogenesis.® Among these risk
facrors, H. pylori is regarded as a trigger for the sequence
of carcinogenesis because chere s strong evidence for H.
pylari infection as 2 cause of chronic atrophic gastricis and
intestinal metaplasia, two possible precancerous le-
sions, ™8

Epidemiological scudies have shown that H. pyfors
infection is associated closely with the development of
gastric cancer.” 1 Based on the resules from 4 cohorr and
9 retrospective case-conerol studies, a causal relationship
berween H. pylori infection and gaseric cancer was
concluded by the Iaternational Agency for Research on
Cancer, World Health Qrganization (IARC) in 1994."3
However, the evaluacion made by IARC was not quaptita-
tive, leaving the magnitude of risk of infection with H.
pylori unassessed in patients with gastric cancer.’® Previ-
ous analysis by Forman et al. found thar che relative risk
for gastric cancer increased with increasing period of time
between H. pylors seraposicivity and diagnosis of gastric
cancer.'* However, conflicting reporrs exist in the litera-
ture regarding the association between H. pylori infection
and the age of patients, site, histological type, and stage
of gascric cancer.”™'31%-28 This may be the reason why
many clinicians are seill questioning the association
between H. pylori infection and gastric cancer. The
primary aims of this scudy were to review systemacically
the published studies, combine results statistically from
each seudy thae mer predefined inclusion and exclusion
criteria, and calculate 2 summary odds ratio (OR) for A,
pyleri infection in the development of pastrie cancer and
various subgroups of patients with gestric cancer. We
aimed to clarify, based on the raw data from each study,
why the results of the published studies are so different;
what possible sources of heterogeneity might exist;

Abbreviations used in this paper: 95% CI, 95% confidence interval;
IARE, International Agency for Research on Cancer, Wortd Health
Qrganization; OR, odds matio.
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influence of age; differences in study design; and differenc
characteristics of gaseric cancer.

Materials and Methods
Justification of the Systematic Review

A MEDLINE seatch of the English ianguage licerature
for human studies was performed wsing textword "Campylobac-
ser pylors® and MeSH term “stomach neoplasms” from 1983 to
1990 and wsing MeSH terms “Helicobacter pyfori, stomach

neoplasms™ from 1990 o April 1996, A total of 47 relevane.

reviews was identified. Wich criteria described by Cook er al.®
and by Greenland®® and with guidelines for the application of
meta-analysis in epideruological studies,” these were evalu-
ared crirically by one of the authors (JQH.). No review
described a systematic search strategy, and methods o inglude
reviewed arcicles and assessments of study validicy and appro-
priate sratistical analyses were not performed. Only 1 review
analyzed stacistically the associarion berween time inrervals of
H. pylors seropositivity and gastric cancer diagnosis, and ne
further analyses were performed.'! Thus, no similar review has
yet been published, and this meta-analysis was thetefore
juseified.

Inclusign and Exclusion Criteria

The following criteria were used o include published
reports and abstracts: cohort or case-control studies had raw
data dealing with H. pyfori infection and gasrric cancer, with
age- andfor sex-matched control groups; H. pylers infeceion was
decected by serofogy; and the study was conducted in an adulr
population and published in ¢he English language. Studies
withour raw darz for retrieval and duplicate publications were
excluded.

Identification of Primary Studies

Using the search strategy described above, the same
time spzn was searched to identify potentially relevant studies.
A fully cecursive search of reference lists of all review articles
and of che retrieved original studies was performed ro find
studies not ideneified by the MEDLINE search. A manual
review of all abstracrs from che following major internarional
meetings held in the past 3 years (1994 ro May [996) was also
performed by two reviewers (J.Q.H. and 5.5.): American
Digestive Disease Week (1994-1993), American College of
Gaseroenterotogy {1994-1993), Bricish Society of Gaseroenter-
ology (1994-1996), World Congress of Gastroenterology (Los
Angeles, CA, 1994), European Helicobacter pylori Study Group
VIlth and VIlth Intemarional Workshop (1994-1995), and
3rd and 4th United European Gastroencerology Week (1994~
1993). A careful manval search was also performed by onre
author ( J.Q.H ) in major relevant journals ta find reports not
vet included in the compurerized database.

Study Selection

Because H. pyfori does not colonize atrophic, metaplas-
tic, and gastric cancer epitheliom,?** decection of H. pylers

GASTROENTEROLDGY Vol. 114, No. &

infection chrough histological biopsy specimens might under-
estimate the true infection rate and potentially bias the
resules. ¢ Because our primary intenc was to identify any
associarion between patients with gaseric cancer and H. pylore
infecrion, the detection method should reflect, as closely as
possible, the true infection rate. Thus, only studies wicth H.
pylori infection tested by serology were selected for further
analysis, although a false-negative result may occur in patients
with severe atrophic pangastritig. 3738

Data Extraction

Dara were extracted from each repore by two indepen-
denc reviewers (J.Q.H. and 5.5.) using a predefined ceview
form. Details contained ethnicity of subjects, country of study,
scudy design, age distribucions in case and control populaticns,
histological type, sire, and stage of gastric cancer, methodology
of H. pylori detection, OR, and 95% confidence intervals (35%
CIs}, where zpplicable. Studies were excluded if lack of raw data
made it impossible to derive an exact number of cases or
conrols with and without H. pyfers infection.

Data were subgrouped according o seudy design, age,
histological type (incestinal or diffuse).*® site {noncardiac or
cardiac), and stage (eacly or advanced) of cancer based on the
information from each study.

The original investigators of each scudy were contacted for
further information on che details of the age distriburion of H.
Pylori serology in both cases and contzols.

Assessment of Study Quality

To assess the validity of exch study, the following
importane criteria, modified from the guidelines for reading
case-conerol studies proposed by Lichtenstein et al. % were
applied to evaluate the quality of each study: an explicic
statement of the research question, the methods for idencifica-
tion of cases and conerols and their matching cechniques,
validation of H. pylori antigen before application for detection
of B, pylort antibody, and sample size. An overall quality score
was not generated to avoid aurhor subjectivicy,® but validicy
criteria were used to rank studies (Table 1). Disagreements were
resolved by discussion end consensus between ehe authors.

Statistical Analysis

The following stacistical techniques were used to
analyze the data. First, the summary ORs and 95% Cls were
calculated from the raw data of che selected studies using the
Mantel-Haensze! method*? or DerSimontan and Lzird method
under random effect’; second, regression analysis was used to
assess wherher a linear relationship exists beeween H. pylori
serppositivity and the age of patients and controls. The
Breslow—Day method was used ro test for homogeneicy under
the null hypotbesis that the ORs were consistent across studies.
However, if heterogeneity was shown, subgroup or seusitivicy
analyses were performed using the same merhads as discussed
above. 43 An attempt was made to idencify the source of
heterogeneity, not simply ro exclude the outliers because
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Table 1. Characteristics of Studies Selected for Meta-analysis

H. PYLORI SEROPOSITIVITY AND RISK OF CANCER 1173

Mean age
Study  [case/control)
Study {(sountry) design {yr) Cases Controls OR [35% CI

Nermurs 21 al.3 (U5 Cohort  59/B9 109 Histgiogically proven  1:1 Cohert cantrols matched by age at 8.0(2.1-17.3)
serum dengtion, sex, OB, POE, ang
labosatory data

Parsonnet ¢ al W05 Cohort  54/54 109 Histologically praven 1.1 Cohort controls matched by age, sex. 3.6{1.5-7.3)
race, date, and residence at serum
donation

Forman et al.® [England)  Ceghart  54/54 29 Verified by medical 118 Cotiort contrats; 1:4 matched by 2771104797

records age, sex, DOB, and date at serum
) denation

Asaka et al.t2 [Japan) cc 89/60 108 Histologically proven 101 Health screeners matched by age, 24(1.24.8)
sex, and POB

Asaka et al. 2 {Japan) ce €0/60 213 Histologically proven  1:1 Health screeners matched by age 2.56{1.45-4.44)
and sex

Lin et al.28 {China} eC 52/54 100 Histologically verified  1:1 Healthy controls matched by age and 1,13 (0.62-2.08)
sex

Hu et al.?! (China} CC 54,/54 51 Histologically proven 102 Mood donors; 1:2 matched by age 5.1(1.7-15.5)
and gex

Lin et al.1* {China} GCohort  63/63 29 Verified by medicai 220 Controls from g cohortmatched by 1.55 (0.68-2.56)

record age, say, and residence
Estevens et al.? e 66,66 80 Histologically proven  Blood denors; 1:1 matched by age, sex, (.54 {0.24-1.2)
(Portugal) and previous Gl history
Archimandritis et al 1% e 62,62 47 Histologically praven 50 Healthy controls matched by age, sex.  1.23 (0.51-2.95)
(Greece) sociogconomic status, and residence

Webh et al.1# [China} Cohort 61761 85 Histalogically proven 255 From a cohart matched by age, sex.  0.93 (0.57-1.54}
date of sample collection, ant resk
denceg

Fukuda et ak.18 {Japan) cC 57/57 282 Histalogically proven 767 Noncancer cantrols; 1:1-16 1.04(0.73-1.49)
matchad by age, sex, and date of blood
sampling .

Hansson et al.33 (Sweden) CC 87/67 112 Histologically proven 103 NenG! patients matched by age, 2.5 (1.235-5.02
sex, and hospital of admission

Kuipers at al.1® {Denmark) ©C 67 /87T 116 Histologicailly proven  Controls withouwt endoscepic and histe- 0.87(0.44-1.7)
logical abrormalities; 1:1 matched by
age and zex

Rudi et al.2" (Germary) o] B60/61 111 Histologicslly proven  Patients with coloreetal cancer; 111 1.35(0.82-2.36)
matched by age, race, and residence

Talley et al.?* (1).5.) cC 63/61 69 Histologically proven 76 Healthy valunteers and 176 cancer- 1.63{(0.79-3.37]
free controls matched by age, sex, and
race

Elaser et al.%7 {Japan} € 63/63 29 Histologically proven  Mon-Gl patients; 1:2 matched by age and 2,14 (0.72-6.4)
58X

Kikuchi et al. 28 (Japan) ce NG 757 Cases 1005 Healthy contrals matehed by 2ge 4.7 (3.6-6.1}

Sippanen et al.%77 {Finland} CC B85/65-66 54 Histologically proven 24 NonGC controls matched by age 227 {1.0-5.0)

CC, casecontrol; DOB, date of birth; GC, gastric cancer: Gl, gastrointestinal; NG, not given; P08, place of birth.

hererogeneity has been regarded as che expectation of meta-
analyses in epidemiological studies and nor as che excep-
tion. ™%’ Homogeneity also was expressed graphically, Third,
the 7 test and ¥ cest were used when necessary.

For those studies in which ORs were not given, an OR and
95% CI were calculated using raw data derived from each study
according to the method described by Dawson-Saunders and
Teapp.® All ORs and 95% Cls were expressed with D-L
method unless otherwise specified. All seatistical analyses were
performed with SAS compurer software (version 3.11, Release
6.10; SAS Institure, Inc., Cary, NC, 19%4) and Statistica for
Windows {Release 4.3; StarSofr, Inc., Gaithersburg, MD, 1993).
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Results
Peer-Reviewed Publications

MEDLINE search generated a total of 38 peer-
reviewed primacy studies for recrieval. However, only 32
studies teporced serological testing for H. pylori infection.
Manua! search identified another three refecences for a
total of 35 potentially relevant articles. Sixceen studies
were excluded for varicus reasons: no matched comerol
group,”" 2 no serological data®® o raw data,™ and
same data source, %! Nineteen studies mee che predecer-
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Flgure 1. Graphic display of individual and summary ORs and 95% Cls
of 19 studies. M-H, summary OR with Mantei-Haenszel method; D4,
sumitnary OR with DerSimaonian and Laird method,

mined inclusion criteria and were included for analysis

(Table 1.
Qverall Analysis

The data from 19 studies included 2491 patients
wich gastric cancer and 3939 controls. Overall, H. pylori
setopositivicy was 80% for patients with gastric cancer
and 62.2% for contrals, yielding a summary OR of 1.92
(939 CI, 1.32-2.78) (Figure 1 and Table 2).

Subgroup Analysis

Study design. Of the 19 studies, 5 were cohort
(26.3%) and 14 were case control (73.7%). The summary
ORs for cohort and case-control studies were 2,24 (99%
CI, 1.15-4.40) and 1.81 {95% CI, 1.16-2.84), respec-
tively, Statistical analysis did not show any significant
heterogeneity in QR becween study designs (Z2 = 1.4;

Table 2. Summary of Results Analyzed With Two Different Models

GASTROENTERCLOGY Vol. 114, MNe. 6

df = 1; P = (.23, which therefore were not considered to
be a soutce of heterogeneiry.

Studies with population-based controls versus
hospital-based controls. Popularion-based control
groups were used in 13 of 19 studies consisting of 1787
patients and 2720 controls. H. pylers seropositivity was
diagnosed in 82.4% of the patients and 38.8% of che
controls, respecrively, giving an estimate of OR at 2,11
{95% CI, 1.30-3 43} (Table 2).

Haospital-based conerol groups were used in the remain-
ing 6 srudies, including 704 patienes and 1239 contrels.
H. pylori infection was detected in 74% of the pacients
and 69.5% of the controls, giving a summary OR of 1.49
(939 CI, 1.06-2.1}(Table 2). -

H. pylori infection was significantly more common in
hospical-based controls than in populatien-based conerols
(x> =41.19; 4f = 1; P <X 0.0001). There also was a
significane difference in H. pyforé infection between the
two groups of patienrs (x? = 22.43;4f = 1; P = (.0001).
This may be attributed to che ditference in the mean age
of both controls and cases in these two subgroups. The
mean age was 63.2 years (n = 6; SD = 4.02) for hospital-
based control groups and 8.9 years{n = 12; 8D = 4.41)
for popularion-based control groups with 1 large stady
excluded because mean age was not ceporred® (# = 2.07;
P = 0.063).

Age difference. Original data on the age distribu-
tion 0 both cases and concrols were obtained from the
investigators of 14 original studies consisting of 2127
cases (89.4% of rotal cases) and 3157 concrols (79.7% of
total conrrols).

In the control group, che prevalence of H. pyfors
infection increased significantly with advancing age
{r = 0.9295; P = 0.0073) (Figure 2). However, in pa-

DerSimonian and aird MantelHaenszel

Subgroups n QR a5% CI QR 85% CI Piap; [0f = N-1) Z23(gf= 1) Pualuer
Al studies 19 1.92 132278 2.29 2.04-258 0.001
Cohort 5 2.24 1.15-4.40 1.83 1.44-2.59 0.001 1.40 0.2
Case-gontrol 14 1.21 1.16-2.84 2.37 2.08-2.69 0.001
Intestinal GC 10 243 1.41-4.43 2.23 1.74-2.87 0.001 129 0.3
Diffuse GO 10 2.58 1.47-4.53 285 2.14-3.79 0.001
Early GC 3 6.35 1.88-21.5 6.40 3.76-10.9 0.05 6.01 0.01
Advanced GC 3 213 0.42-10.7 2.20 1.51-3.21 0.001
Cardiac GC 7 1.23 0.56-2.71 141 1.00-1.98 0,001 B.69 0.003
Cardiac GCY 4] 0.92 0.61-1.28 053 0.62-1.38 0.4 20.4 <0001
Noncardiac GC 10 3.08 1.78-531 277 2.20-3.50 0.001
Population-based 13 241 1.30-3.43 2.88 2.51-3.43 0.001 29.9 <0.001
Hospital-based 6 1.49 1.06-2.10 1.37 1.11-1.70 0.07

GC, gestric cancer; n, mumber of studies; P, P value of Bresiow-Day test for hetersgeneity with >0.10 indicating no significance in
heterggeneity.

Fomparison between twi SUbEroups.

*0One study excluded with unclear definition of the site of cancer.5s
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Flgure 2. Age distributian of H. pylori seropositivity in gastric cancer
cases (e and controls (===} in 14 studies.

tients with gascric cancer, che H. pylor/ infection race was
>80% from age 20 to 69 years and correlated inversely
with increasing age {r = —0.874; P = 0.0228} (Figure
2). The latter finding may reflece the loss of colonizarion
by the bacteria in severely atrophic stomachs wich
incressing age. The ORs decreased significantly with
increasing age from 9.29 (93% CI, 3.43-34.04) ac age
20-29 years to 1.03 (95% CI, 0.73-1.52) at =70 years of
age (Table 3) (crend analysis, P = 0.005).

Cardiac versus noncardiac gastric cancer. Of
the 19 studies, & had information for boch cardiac and
noncardiac gastric cancers.”!%2%3%2433 Four srudies only
gave data for noncardiac gastric cancer.'®'2%27 Qne
study provided dara for both cardiac and noncardiac
gascric cancer, but the site of gastric cancer could nor be
determined in 38% of the patienrs, and chis study was
therefore not included in the subgroup analysis for
noncardiac gascric cancer.'® In che noncardiac group,
79.2% (467 of $90) of patients with cancer and 33.7%
(594 of 1106) of controls were H. pylors seropositive,
giving an OR estimate of 3.08 (93% CI, 1.78-5.31}
{Table 2).

In the cardiac group, H. pylors infection was diagnosed
in 379 (90 of 158) of patients and 30.3% (383 of 761} of

Tabla 3. M. pylori Seroprevalence in Patients With Gastric

Cancer and Matched Controls Stratified by 10-Year
Intervalg-1.12.15.16.18-20,22.24.26.27
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conrrols, respectively, yielding a summary OR of 1.23
(95% CI, 0.56~2.71). However, 1 study did nor give any
informacion on how the proximal siee of cancer was
defined, and che result of chis study was very different
from che others. Sensicivity analysis of the other 6 studies
withour this cutlier was pedformed. and che summary OR
was 0.92 (95% CI, 0.61-1.38). Test of homogeneury
showed no heterogeneity across chese studies (P = 0.5)
{Table 2.

There was no significant difference in H. pylori seroposi-
tivity between the two control groups (}* = 2.06,4f = 1,
P = 0.131). However, there was a significanc difference
between pacients with cardiac and noncardiac gascric
cancer (x° = 32.27,df = 1; P < 0.0001).

Early versus advanced gastric cancer. Three
studies provided raw data on patients with early and
advanced cancers and conernls.” 237 H. pylori seropositiv-
ity was found in 92.7% (164 of 177) of patients wich
early gastric cancer and G6.5% (262 of 394) of the
controls, yielding an OR estimate of 6.35 (95% CI,
1.88-21.9). In padients with advanced gastric cancer
compared with the controls, H, pylers seropositivity was
detected in 80.7% (167 of 207) and 66.5% (262 of 394),
respectively (Table 4), giving an OR estimate of 2,13
{959 CI, 0.42-10.7) (Table 2).

There was no difference in the mean age of chese rwo
groups. However, a significant difference in H. pylori
seropnsitivicy was found becween patients wich early and
advanced gastric cancers (Table 4). The test of homogene-
ity berween early and advanced gastric cancers was
significanc {(F = 0.01}. Therefore, difference in che stage
of gastric cancer was consideted o be a sousce of
heterogeneity.

Diffuse- versus intestinal-type gastric cancer. Ten
studies investigated che difference in H. pylor infection
between patients with the diffuse and intestinal rype of
gastric cancer®MIIRW-2455 1 pylori seropositivity was
diagnosed in 82% (456 of 556) of patients with intestinal-

Table 4. Seroprevatence of H. pyiovi Infection in Patients With
Early and Advanced Gastric Cancers and Matched
Controls in Three Studies

Cases Controls Early GC Advanced GC Controls

Agelyrt HP+  HP—  HP+ HP—  OR 5% C Stugly HP+ HP—  HP+  HP~  HP+ HP-
=20 4] 2 ] 2 O 0 Estevens et al.7 8 1 39 18 85 15
20-29 21 4 82 153 $.29 3.43-34.04 Asaka et al.2? 119 9 72 13 159 54
A0-39 124 23 126 160 727 433122 Hikuchi e a1.5% 37 3 56 8 38 %3
4049 281 a7 355 214 368 2.52-5.29 Compined? 164 13 167 44 382 132
50-59 437 107 £18 282 1.86 1.42-2.44 -

&0-65 606 142 620 561 1.46 114-1.88 GC, gastric cancer, HP+, H. pylori seropositivity; HP—, H. pplori
=70 240 73 223 81 106 0.73-182 seronegativity.

HP+, H. pylori seropositivity, HP -, 4. pyiorf seronegativity; OR, odds
ratin with Mamel-Haensze! method,
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*The combined result showed a significant difference in H. gyion
seropusitivity between patiemts with early and advanced gastric
canvers {x? = 1151 af = 1; F = 0.004).
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type gastric cancer and 59.3% (718 of 1210) of controls,
vielding a summary OR estimate of 2.49 (95% (I,
1.41-4.43). _

In patiencs with the diffuse rype of gastric cancer,
82.2% (310 of 377) of the cases and 58.9% (678 0f 1152)
of controls weee seropositive, yielding an OR estimare of
2.58(95% CI, 1.47—4.33) (Table 2).

There was no significane difference in A. pylori seroposi-
tivity berween these two groups of patients and the
controls (x° test: & = 1; P = 0.933 and P = 0.811,
respectively) (Figure 3). Furthermore, test of homogene-
ity showed no difference between these two subgroups
{P = 0.3). Therefore, the hiscological type of gastric
cancer was not considered as a source of hererogeneity.

Discussion

Since Warren and Marshal! first isolated H. pylori
from the stornachs of patients with gastritis,%? nurnerous
epidemiological studies and reviews have been published
regarding the relationship becween !, pylori infection and
the development of gastric cancer.!? However, none of the
previous reviews has evaluated the literature systemaci-
cally and srarisrically with the exceprion of 1 article by
Forman ec al.'* To our knowledge, this is the first
comprehensive mera-analysis addressing the relationship
between H. pyfari setopasitivity and the subsequent risk
of developing gastric cancer.

We have found chat the overall OR of infection with
H. pylori tor developing gaseric cancer is 1.92 (23% (I,
1.32-2.78). This result supports quanritatively the con-
clusion by IARC that infection with H. pyleri is a risk
factor for gastric cancer in humans,'? although chis might
have underestimared che real atcriburable risk of H. pyfori
infection for gastric cancer caused by inclusion of some
studies with short—cerm follow-up.141%

100
BO
60
40|

201

H.pylori seropositivity (%)

=
P
i

-
T

Diffuse type

inteztinal type

Figure 3. Comparisen of H. pyion seropositivity between patients with
intestinal- or diffuse-type gastric cancers and controls. The number
above each bar represents the number of total subjects. B, Gastric
cancer; W, controls,

GASTROENTERDLOGY Vol. 114, No. &

The previaus analysis reported by Forman ec al 48384
combined three prospective studies and found that the
relacive risk increased dramatically with the duration of
follow-up ranging from 2.13 wichin the first 3 years to
8.67 beyond 15 years. In chese studies, the diagnosis of
H. pylori infection was based on the presence of specific
immunaglobulin G gnribodies in serum samples col-
lecred up ro 24 years before che diagnosis of cancer.

. Indeed, the follow-up time period is an impottant faccor

in determining the result of a cohorr study because

severzl short-term studies have failed to show a positive

correlation between H. pyfors infection and gastric can-

cer.'1'? However, several other factors also may affect the

resulr, such as the prevalence of H, pyfors infection in the”
control group, the age of che study popularion, and the

characreristics of gastric cancer.

Study design was not found o be a source of heteroge-
neity, and there was no significant difference in summary
ORs berween case-concrol and cohore studies, despite a
wide vartacion of ORs among individual scudies (Tables 1
and 2). The heterogeneity ubserved wichin the same
study design may tesult from a number of differences in
patient characteristics in each study, and chis has been
confirmed in our meta-analysis (Tzble 2) and will be
discussed in detail below.

The seleccion of a control group has a major impact ot
the result of 2 case-concrol study. We found a significant
difference in H. pyfori seropositivicy berween studies with
population- and hospital-based concrols, although this
difference may be confounded by the mean age of the
subjects. Using a prirmary or a secondary study base as a
control group is entirely dependent on the principles of
compazabiliry between cases and controls and che assump-
tions thar the selecred control is 2 random sample from
the same srudy populatien chat produced the cases.®
Hospiral-based controls are considered 2 nonrandom
subset of the study population rather than a random
sample from the study base®> QOn application of this
control group, one must assume that che distribution of
the exposute under study is the same as thar in the conerol
group from che study base.% However, this seems nor to
be the case in some of the studies that have used
hospital-based concrols!®2% or unknown medical condi-
tions.'® This might be related ro the absence of associa-
tion becween H. pylori infection and gastric cancer
tepotted in these studies. Therefore, 2 well-defined and
validated control group is essential o a case-conrrol study
te maximize che representariveness of the controls to che
study base.

The difference in H. pyfori prevalence shows a strong
age dependency in the general populations in both
develaping and developed countries,®” and this also is the
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case jn studies examining the risk of H. pyforf infection for
gastrc cancer. As shown in Figure 2, H. pylors seropreva-
lence increased significantly wich advancing age in the
cantrol groups but not in che cases. Thus, if gastric cancer
patients of any age have a higher prevalence of the
infection, then case controls would be expecred o show a
larger differential at younger rather than older ages.
Scveral studies indicate thae H. pyleri-infected younger
patients have a higher risk for che development of gastric
cancer than older patients, %2332 concrary ro- other
studies.""3 1819 In a srudy from Japan, Kikuchi er al.
compared 105 case subjects thar were younger than 40
years with different sets of well-marched controls and
found an OR of 13.3 (95% CI, 5.3-35.6), the stzongest
association ever reported.”® Was this a real effect or an
artifact caused by a lower background of H. pylori
infection in the younger popularions? In this mera-
analysis, we have shown, by obeaining raw dara on che age
discributions in both cases and controls from. 14 studies,
thac H. pyfori—infected younger patients do have a greater
relative risk for gastric cancer than older age groups
(Tzble 3). The relative risk decreased significantly with
increasing age, becoming insignificant in those older
than 70 years. The increasing prevalence of H. pylori
infecrion in the older control groups is a principal facror
determining the difference in the relative risk. The lower
seroprevalence of the infection in che older parients scen
in chis analysis may be attributed to the underderection
of serum antibodies against H. pylors®’ or a result of
spontaneous disappearance of the infection caused by
increasing mucosal arrophy and incestinal mecaplasia
with advancing age.'®¥% However, this raises the
question as o why chis happened only to the patients and
not 1o the control groups. There are several possibilities
for this ditference. First, patients with gastric cancer
generally have more severe mucosal arrophy and incesti-
nal mecaplasia in the stomach chan normal subjects,®#?
which may increase the chance of underdetection or
spontaneous loss of the infection. Acrophy and inrestinal
mecaplasia may worsen with increasing age®® and eventu-
ally lead to carcinogenesis of the stomach in some
patients,”” a condition in which H. py/ers vircually cannot
colonize.¥* Second, different bacterial strains may be
involved in different diseases. Parients with gascric cancer
are reporred o be infected mote frequently wich toxic
strains of H. pyfori compared wich their conrrols.” There
s a strong association berween infection with cagAd-
positive bacteria and an increased risk for intestinal-type
gastric cancer.’? Moreover, wgA antibodies have been
associared with the progression of atrophic gastriris.”>™

It has been long chought thar, in contrast ra diffuse-
type gastric cancer, intestinal-type gastric cancer is more
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closely linked to environmental and perhaps sociceco-
nomic factors.”® However, teporcs regarding the associa-
vion of H. pyleri infection with intestinal-rype gastric
cancer have been inconsistent in studies with H. pylor
infection diagnosed by histalogy.!? The histological
prevalence of H. pylori infection has been generally
greater in the intestinal-type than in diffuse-rype gastric
cancer,’"&™ although chis may resule from sampling
error.™ In serological studies, most of che data have noc
shown a difference in H. pylori infection berween these
two rypes of cancer, except one report by Hansson ec al.
who showed a positive association berween H. pylori
infection and the incestinal type buc not che diffuse type
of gastric cancer.®® However, this difference has lirtle
significance because there was a large overlap of 559 Cls
in OR between these two types of cancer. Another study
from the same group thar carefully scracified pacients by
age and the site of cancer did not show any difference in
H. pylori seroprevalence berween the two cypes.” In this
meta-analysis, we have shown, by combining dara from
10 studies, that boch histological types have an almost
equal association with H. pyfer: infection, suggesting thac
the difference berween chese two types of cancer may be
histological but not etiologic. The hypochesis could be
thar simple inflammation or early chronic gastritis is
prone to the developmenr of the diffuse type, wheréas che
atrophic mucosa or intestinal metaplasia favors the
intestinal type of gastric cancer™* Thus, H. pylori
infection may be the trigger for subsequent histological
changes in che stomach, and the evolution to certain types
of gastric cancer depends on che interaction berween che
host and other environmental tisk facrors3® A recent
study from Brazil provides same supporr for chis hypoth-
esis, showing that H. pylori isolates from patients with
these two types of cancer expressed both sagA and vacA
genes to a similar degree.®! Furthermore, 2 large pacho-
logical study also has shown that both types of gastric
cancer start from H. pylori gastritis and share many cell
phenotypes such as £53, although che pachways leading
to gastric carcinogenesis may be different

It is understandable that patients with early gastric
cancer have a grearer decection rate of H. pyleri infeccion
than those wich advanced cancer by either histological or
serological methods because the baceeria does not colo-
nize sevetely atrophic epithelium or aceas of intestinal
metaplasiz.’?3? This may account for the differences in H.
pylori prevalence detecred by hiscology reporred in che
lirerarure™®3#4 if sampling error is avoided.™ Serological
testing for H. pyfori infection has a becter sensitivicy than
histology in patients wich gastric cancer.*** The diffec-
ence in H. pylori positivicy, if any, becween patients with
eatly and advanced gastric cancer could be showa by
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serological rtesting. However, none of the 3 srudies
included in chis analysis showed a significant difference
in H. pyleri seroposicivity becween the two groups of
patients. This was caused by inadequare numbers of
subjeces included in each study as determined by this
mera-analysis because the difference reached significance
after they were combined (Table 4). This is a good
example of the advantages of meta-analysis in situations
in which individual studies lack the statistical power to
detect a difference berween two groups.*

The association of H. pylori infection with noncardiac
gastric cancer has been well documented, although
results vary among studies 912123252735 Hogever the
overall evaluation of these scudies confirmed chac H.
flori is a risk factor for noncardiac gastric cancer bur not
for cancer of the cardia. This result provides furcher
evidence char infection with H. pyferi does noc increase
the risk for the developmenrt of gastric cancer ar the
cardia 910.49.20.23.24

Besulis of recene scudies suggest that the clinical
expressions of H. pylori infection depend primarily on two
factors: the pathogenicity of the bacreria and the host
response. We know lictle about the difference in host
response o the infection, but extensive studies have been
performed on bacterial virulence in different diseases.
tegA-positive strains of H. pyleri have been commonly
isolated from parients with atrophic gastricis™™ apd
correlate with an increased frequency of intestinal meca-
plasia.® A study from Japan has shown chat rhere is a
correlacion between the prevalence and severity of atro-
phic gascritis and the cytotoxic activity of the bacteria 3¢
Infection with cype I strains of H. pyleri increases the risk
for gastric cancer by 3.8-fold compared with noninfected
patients.”" An interesting case-concrol srudy from Rudi
et al. has shown 2 significant difference in evgA and vacA
phenotypes berween patients with gastric cancer and
matched controls, although no difference was found in H.
Pylori immunoglobulin G antibodies berween the twao
groups.*” This result provides us with an important
explanatien for why some studies may have failed ro show
a correlation between patients and controls. If furcher
analysis of the bacterial strains could have been done in
these studies, the results might have been different.
Teking the above togecher, 2 possible explanacion mighe,
at least in part, be that because of the puzzling geographi-
cal differences in the contrasting incidences of dusdenal
uleer and gaseric cancer, which are murually exclusive o
each other,™# the geographical difference of the preva-
lence of upper gasteointestinal diseases may be caused by
infection with different strains of H. pyler in differenc
populations. However, for the etiology of gastric cancer,
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other environmental and perhaps genetic factors cannot
be ignored.’

In summary, our meta-analysis has confirmed quantica-
tively the conclusion by IARC thar infecrion with H.
pylori is an important risk factor for gascric cancer in
trumans. H. pyler~infected younger parients have a
greater relacive risk for gastric cancer chan older patients.
Both the inzestinal and diffuse type of gastric cancer are
similacly associated wich the infection. H. pyfori infeccion
is detected more commonly in pacients wich eatly gaseric
cancer than in those with advanced disease, possibly
because of loss of the bacterial colonization in progres-
sively atrophic stomachs. H. pylori infection is not a causal
factor for cardiac gastric cancer, but infection is associated
strongly with noncardiac gastric cancer. Finally, we
suggest for the furure char a well-selected concrol group is
essential for 4 case-control study. Pacients wich eacly ar
advanced cancer and with noncardiac or catdiac cancer
should be separaced for analysis. More sensitive detection
methods may be required to reduce the false negaciviry of
the current serological teses.
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SUMMARY

Background: The efficacy of Hi-receptor aniagonists in
functional dyspepsia is equivocal and the therapeutic
place of proton pump inhibitors in functional dyspepsia
is unknown. .

Aim: To evaluate the efficacy of proton pump inhibitor
therapy in functional dyspepsia.

Methods: Patients (n = 1262} with a clinical diagnosis
of functional dyspepsia [persistent or recurrent epi-
gastric pain or discomfort for at least 1 month ard a
pormal upper gastrointestinal endoscopy) were ran-
domized to receive omeprazole 20 mg 10mg or
identical placebo. for 4 weeks. Symptoms were as-
sessed using validated measures. Helicobacter pylori
status was determined pre-entry by a *C-urea breath
test,

Results: On an intention-to-treat analysis (n=1248},
complete symptom relief was observed in 38% on
omeprazole 20 mg, compared with 36% on omeprazole
10 mg aed 28% on placebe (P = 0.002 and 0.02.
respectively). Among those with uicer-iike and reflux-
like dyspepsia. complete symptom reliel was achieved in
30% and 34% on omeprazole 20 mg, and 35% and
45% on omeprazole 10 mg, respectively. compared with
37% and 23% on placebo (all P <005 except
omeprazole 10 mg in ulcer-like dyspepsia. P = 0.08).
There was no significant benefit of omeprazole over
placebo in dysmotility-like dyspepsia. Symptom refief
was similar in H pylori-positive and negative cases,
Conclusions: (meprazole is modestly superior to placebo
in functional dyspepsia at standard (20 mg) and low
doses {10 mg) but not in patients with dysmotility-like
dyspepsia.

INTRCDUCTION

Pain or discomfort in the upper abdomen is a common

symptom complex in the general population: approx- -

mately 25% ol aduits in the community report such
complaints and although only a minority see a doctor for
dyspepsia in the UK and USA, it accounts for up to 3% of
consultations n family practice.™ Less than half of these
patients when appropriately investigated have an un-
derlying structural explanation for the symptoms such as
peptic ulceration or refiux oesophagitis: the remainder
are classified currently as having functional or non-ulcer

Correspondence (0: Prof. N. | TaMey. Departnrent of Medicime, University of
Sydney, Mepean Hospital, Penrith, NSW 2751, Australin.
E-mail; nallew@blackburn.med. usyd edu. au

@ 1998 Blackweil Science Ltd

dyspepsia.” > ® Functicnal dyspepsia is an important
and costly entity because it is a significant cause of
morbidity and time lost frora work.”

The pathophysiclogy of functional dyspepsia remains
inadequately understood. Between 30% and 60% of
patients with functional dyspepsia have Helicobacter
pylori gastritis but whether this is an incidental infection
in these patients remains unclear." * ¥ Basal and peak
acid outpats do not differ in patients with functional
dyspepsia compared with controls.'® but the acid
response to gastrin-veleasing peptide. which is consid-
ered to be a reflection of the postprandial state. may be
abnormal in up to 50% of H. pylori infected patients
with functional dyspepsia.!' Gastroducdenal sensation
is disturbed in a subset'” but it is not clear whether the
mcosa is more acid sensitive in functional dyspepsia.’?

1953
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Standard treatment for functional dyspepsia has
included H-receptor antagonists:'™ '* the majority of
patients in the community on [ong-term H,-receptor
antagonists for dyspepsia are taking this medication for
the management of functional dyspepsia rather than
peptic ulcer disease.' However. the efficacy of this class
of compounds in functional dyspepsia is controver-
sial.'* '* Whether more effective acid suppression with
proton pump inhibitors is efficacious in functional
dyspepsia has not been adequately tested. As H. pylori
appears to be linked to acid dysregulation in functional
dyspepsia.’' it is conceivable that infected patients
would have a better response to acid supprassion but
this has not been tested either.

We aimed to evaluate. in two identically destgned
randomized controlled wials (the Bond [Based on
emeprazole in nonulcer dyspepsia) and Opera [Omepra-
zole and placebo—eflect on relieving abdominal pain/
discomfort] studies). the efficacy of the proton pump
inhibitor omeprazole compared with placebo. all given
once daily in the morning. We hypothesized that
omeprazole at a standard dose of 20 mg wonld
compared with placebo. provide complete relief of
epigastric pain and discomfort in twice s many patients
after a 4 week course of treatment. A secondary aim
was to determine whether the presence or absence of
H. pylori infection influenced the symptom response to
omeprazole. We hypothesized that the symptom reliel
would be greater in H. pylori infected patients with
functional dyspepsia. Finally. we aimed to evaluate
whether subgroups of dvspepsia based on ranking of the
most bothersome compiaint would identily responders
te acid suppression. We hypothesized that those with
predominant epigasiric pain rather than discomfort
would best respond to proton pump inhibitor therapy.

METHODS
Study popudation

Investigators were instructed to errol consecutive
patients presenting with a clinical diagnosis of func-
tional dyspepsia into two identical studies. The trials
were approved by the local ethics committee in each
centre. and informed consent was obtained from all
patients. Both general practitioners and specialist gas-
troenterologists recruited patients from their practices.
Patients with persistent or recurrent epigastric pain
and/or epigastric discomfort that was experienced on at
least one of the 3 days immediately prior to random-

270

ization were eligible to be enrolled.' Discomfort was
defined as a subjective. negative feeiing that did not
reach the level of pain according to the patient and
which included symptoms such as postprandial fullness,
bloaring or early satiety.' Parients were also required to
have at least a 1 month history of dyspeptic symptoms
and symptoms had to occur on 2 minimum of 153% of
days during thar month.

Patients underwent upper endoscopy in the period
3-14 days before the inclusion visit. These with any
erosive change in the oesophagus or duodenum.
oesophageal strictures. Barvett's oesophagus. ducdenal
deformity or chronic gastric or duedenal ulcer were
excluded. Patents with five or (ewer gasiric erpsions
were considered eligible for entry if they fulfilled the
other inclusion criteria. because there is no convincing
evidence that gastric erosions canse a distinet symp-
tomatic eatity.” ¥ * Patients with a previous history of
documented peptic ulcer disease by endoscopy or
radiclogy. or a past history of gastre-oesophageal reftux
disease documented by endoscopy ot 24 h oesophageal
pH monitoring, were excluded. Furthermore, patients
with classical heartburn or acid regurgitation as their
only symptom without an epigastric compenent were
not considered eligible for inclusion in the study. o as to
minimize including patienats with undlagnosed gastro-
oesophageal reflux disease.!

The presence of any alarm symgptoms (including
unintentional weight loss. vomiting. dysphagia. ha-
ematemesis. melaena. lever. jaundice or other svmp-
torns or signs suggesting serfous or malignant disease)
led to exclusion. Those patients who were clinically
diagnosed as having irritable bowet syndrome were also
not eligible: this was defined conservatively as the
presence of two or more of the six standard Manning
symptom criteria (pain relief by defecation. more
frequent stools at the onset of pain, looser stools with
the onset of pain. visible abdominal distension. rectal
passage of mucus or a sensation of incomplete rectal
evacuation).'® '* Similarly, patients with chronic se-
vere constipation were excluded as it was considered
conceivable that this group may have theilr upper
abdominal pain or discomfort associated with their
constipation. Patlents who had been treated with
bismuth-containing compounds. prokinetics or ulcer-
healing doses of antisecretory ageats for more than
7 days in the month prior to endoscopy were alkso
considered ineligible. The remaining exclusion criteria
were presence of significant medical disease that would

% 1993 Blackwell Science Ltd, Aliment Pharmacol Ther 12, 1033-1065



complicate the evaluation of ocutcome {e.g. unstable
diabetes mellitus or malignancy). pregnancy of
lactation. aleohol or drug abuse, and age below 18 or
above 30 years.

Assignment

Patients entered a parallel group. double-blind. ran-
domized. placebo<ontrolled trial. In the period 1 week.
before endoscopy and in the period between endoscopy
and randomization, only antacid use on an as needed
basis was allowed (in order to avoid the contaminating
effects of other drugs on treatment outcome). Randomn-
ization of eligible patients was performed m the
proportions 1:1:1 according to a compuier-generaied
randomization list. This was carried out within blocks of
three consecutive patienis. Patients either received
, omeprazole 20 mg, omeprazole 10 mg or placgbo. all
given once daily in the morning. The patients were
treated with medication for $ weeks (Z4 days) with the
first doses taken the morning following the day after
randomization.

Determination of H. pulori status

At baseline, a standardized ’C-urea breath test was
obtained using a well validated protocol.’” An increase
ig the patient's breath '*C of more than 5 p.p.m. over
the baseline was considered positive for H. pylori
infection.'”

Blinding

Patients, investigators and study centres maintamed
strict blinding throughout the study. The centre re-

cruitment codes were placed in apaque envelopes. They

were all returned and none had been opened during the

trial. The omeprazele and placebo capsules were
identical in appearance.

Compliance

Patient compliance was checked by counting the
retwned smdy medication. A priori, non-compliance
was defined as an intake of less than 75% of the
medication during the study period. The adminis-
tration of all drugs during the study period was
recorded.

@ 1998 Blackwell Science Lid. Afiment Pharmacal Ther 12, 1055-1065
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Symprtom and quality of life assessment

This was undertaken at baseline and at the end of the
trial, at the + week visit.

Symproms. The primary outcome assessment was mea-
surement of gastrointestinal sympioms. Epigastric pain
and/or discomfort during the 3 davs prior to the Hrst
and last visits in the trial was recorded by the physician.
Symptoms were graded by the investigator at interview
on a lour-point Likert scale as follows: Of{none). no
symptoms: 1{mld), awareness of the svmptom but
easily tolerated: 2{moderate). symptoms sufficient to
cause an interference with normal activities: lisevere).
incapacitating symptoms with an inability to perform
normal activities. This scale has been shown to be
responsive and valid in reflux disease'™ and functional
dyspepsia.'” *® Complete absence of epigastric pain and
discomfort on each of the 3 days was the primary end-
point.

At the final visit. the paiient was imterviswed bv a
physician and asked whether the study medication had
provided sufficient control of sympioms. to estimate
global patient satisfaction with the reatment.

At the first visit. the patient also ranked his or her
three most bethersome symptoms [rom the following
choices: epigastric pain. heartburn. acid regurgitation.
bloating, belching, rectal flatus. nausez. early satiety.
and postprandial {ullness. as defined by the Rome
criteria.) The patients were then subdivided into the
following a priori symptom subgroups based on symp-
tom predominance:

1. Ulcer-iike dyspepsia—predomnant epigasrric pain.

2. Dysmotlity-like dyspepsia—predominant discomfort
{postprandial fullness. early satiety. bloating or
belching).

3. Reflux-like dyspepsia—pradominant reflux symp-
toms {hearthurn or acid regurgitation).

4, Other—predominant nausea or rectal flatus.

Patients recorded their epigastric pain or discomiort on
daily diary cards during the 4 week treatment period.
where symptoms were self-rated as present or absent.

Quality of life. Quality of life was assessed using two
standard and validated self-report guestionpaires:

{a) The Psychological General Well Being Index {PGWB).
This measures subjective well-being or distress.™™ ™ It
includes 22 items which can be combined iato a global
score that ranges from a maximum of 132 to a
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mintmum of 32, Six-point Likert scales comprise the

tesponse format, with higher values denoting better
well-being. The PGWB has been applied in studies of
dyspepsia and gastro-oesophageal reflux disease: there
are extensive normative data available,”' >

(b} The Gastrointestinal Symptom Rating Seale (GSRS).
This has 15 items that measure gastrointestinal symp-
toms on seven-point Likert scales over the prior
2 weeks. and can be combined into a total score.’!:
The lower the score the better the symptom status. The
* GSRS is valid and responsive. and substantial normative
data are available.!- **

Statistical analysis

The primary efficacy variable, te. complete reliel of
epigastric pain/discomiort, was defined as having no
symptoms during the last 3 days of the 4 weeks of
treatment. The proportion of patients with complete
relief of epigastric pain/discomfort was compared be-
tween omeprazole 20 mg and 10 mg vs. placebo using
both an intenticn-to-treat {ITT) and a per protocol (PP)
approach. Secondary efficacy variabies were analysed
using an I[TT approach only.

The number needed to treat (the aumber of patients
who need to be treated to prevent a poor outcome) and
the refative risk reduction {the proportional redaction in
event raies between conwol and experimental patients)
were calcuated.

A Mantel-Haenzel chi-squared test with stratification
based on couniries was used to analyse the difference
between the two Ireatment groups with respect to the
primary efficacy variable. The significance level was
adjusted for two comparisons using the Bonferroni
inequality. Confidence intervals were computed for the

proportions and the differences between the treatment

groups.
For the secondary efficacy variable. ie. sufficient
control of symptoms. confidence intervals were com-
puted for the proporticns and the differences between
the treatment groups. The change in total scote of the
PGWB and mean item scorz of the GSRS from baseline
to the 4-week visit were evaluated. Differences between
treatments regarding the quality of life guestionnaires
were analysed with the baseline scores 2s a covariate.

RESULTS

The progress through the trials is summarized in
Figure 1, which shows the number of eligible patients
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who were randomized. the numbers withdrawn, and
the aumbers who completed the trial in each arm.

Baseline comparisens and compliance

The three reatment groups were well balanced regard-
ing 2ll baseline characteristics in both trials (Table 1.
Compliance was exceflent: more than 90% of capsules
were taken by 36. 87 and 83% of patients. respectively.
in the omeprazole 20 mg, omeprazole 10 mg and
placebo arms.

Reltef of duspepsia .-

In the intention-to-treat analysis. complete symptom
relief was observed in 38.2% (161/421} on omeprazole
20 mg and 36.0% (146/403) on omeprazole 10 mg.
compared with 28.2% (119/422) on placebo in the
combined studies. The difference between omeprazole
20 mg and placebo. and between omeprazole 10 mg
and placebo. was statistically significant (3% CT; 3.7-
16.4% and 1.4-14.3%. respectively). The per protecol
analysis yielded essentially the same results (Table 2.
Comparing omeprazole 20 mg with placebo, the
number needed to treat (NNT) was 10 (95% T 6-27)
and the relative risk reduction was 14.0% {93% CT: 5.3~
21.9%}. Details from the individual studies are given in
Table 2.

Sufficient control of sympioms by an intention-to-treat
analysis was reported by 61% on omeprazole 20 mg
{95% CI: 33.7-65.3%) compared with 39% on ome-
prazole 10 mg (95% CT: 34.3-64.1%) and 31% on
placebo {93% CL: 46.3-36.0%) in the combined studies.
Corresponding figures for the Bond study were 37%
on omeprazole 20 wmg (93% CT: 30.2-63.7%). 63% on
omeprazole 10 mg (95% £ 56.2-69,9%) and $4% on
placebo (93% CE 37.6-31.1%) and for the Opera study.
64% on omeprazole 20 mg (95% CL: 57.3-71.0%). 33%
on omeprazeole 10 mg ($5% CE: 48,1-62.2%) and 39%
on placebe (95% CI: 51.5-65.3%}

Omeprazole 20 mg and 10 mg provided a significantly
higher proportion of symptom-free days (52.3 and
50.3%) than placebo (45.5%) aver the reatment period
in the combined studies. The difference between placebo
and omeprazole 20 mg was 6.83% {95% CI: 2.64—
11.067%) and lor omeprazole 10 mg was 4.84% (95%
CL; ©.39-9.10%). Symptoms improved to their maxi-
mum level by 7 days: the placebe response did mot
decrease over the 4 weeks of therapy.

2 1998 Blackwell Science Lid. Aliment Pharmare! Ther 12, 1053-1063
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Randomized
a=]262
Omeprazole ) mg Omepmzole 10 mg Plarsio
n=327 r=4{9 n=d26
Discontinged Discontinued Discontinued
Azld =[] =14
Randomization cxieria Rajomizaton crimda Randomization crimtia
not fulfifled not fuifilled ot fulfilled
n=l a=l n=)
© AE.diseass demeriorated - AE:disease detsriorated AE:disease deteriprazd
n=0 =2 =3
Giher AE Othier AE Other AE
=i} n=} n=4
Lost to foilow-up Logz to follow-up Last to follow-up
n=5 nx§ n=d
Cther Oher OQICT
: n=? =) LES]
PFigure 1. Flow chart of patient dispesition
by weamment group. Patient disconninua- i
tion = parlent left the study prematurely.
did not attend second visit. Numbers of Compleced Completed Completed
patients are gives in the baxes, R4} n=156 =10}
AE = adverse evenis.

Symptom subgroups

In patients on omeprazale 20 mg. cmeprazole 10 mg
and placebo. those with ulcerlike dyspepsia (708
patients) had complete symptom relief in 40, 35 and
27% of cases. respectively (P = 0,006 omeprazole
20 mg vs. placebo and P = 0.08 cmeprazole 10 mg
vs. placebo), while those with reflux-like dyspepsia (143
patients) had complete relief in 34, 45 and 23% of cases.
respectively (P = 0,002 omeprazole 20 mg vs. placebo
and P = 0.02 omeprazole 10 mg vs. placebo). In
contrast, those with dysmotility-like dyspepsia (291
patients) had complete refief on omeprazole 20 mg.
omeprazole 10 mg and piacebo in 32, 37 and 31% of
cases. respectively (P = 0.92 omeprazole 20 mg vs.
placebo and P = 0.33 omeprazole 10 mg vs. placebo)
and for patients with other symptoms {i.e. nausea,
fatus) (106 patients) the corresponding figures were
25. 30 and 38%, respectively (P = 0.25 omeprazole

D 1998 Blackwell Science Lid, Aliment Pharmacol Ther 12. 1053-1065

20 mg vs. placebo and P = (.46 orneprazole 10 mg vs.
placebol.

-H, pyleri

A total of 41% of patients (307/1222) were H. pylori-
positive by the *C-urea breath test. Complete relief of
dyspepsta in the active eatment arms was Dot
significantly different between the H. pylori infected
and uninfected patients (Table 3).

Quality of life

The total GSRS score improved from 2.67 to 2.02 on
omeprazole 20 mg, from 2.74 to 2.08 on omeprazole
10 mg and from 2.75 to 2.17 on placebo. The difference
between omeprazole 20 mg and placebo was statisti-
cally significant (P = 0.02. with baseline GSRS as a
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Takle 1. Baseline characteristics in patients by treamment apm 1ITT)
Omeprazole 20 mg Omeprazole 10 mg Plagebo
B8 121 i} Y 2y 10 (1} i2 1)
Totai 219 an2 421 204 il 403 219 203 422
Mean age. vears (s.d.} 41(14) 42114} 420141 43T 4314 £3014Y 314 41T 431N
Femalet% 6l.2 38.9 60,1 63.7 62.7 3.2 83y 63.3 63.7
Race -
Caucasiani™} 94.5 98.0 96.2 96.h 38.0 473 97.3 999 28.1
Blacki % 3.2 0.0 1.7 1.3 0.0 0.7 1.8 00 09
Orientali?) 2.3 L5 1.2 1.5 1.5 1.3 0.3 Ia 0.7
MNoo-smokert®s) 60.7 8.9 60.3 50.3 19 360 33.3 60.5 578
Previous smoker; %) 11.9 9.9 10.9 13.2 12,4 128 12.3 128 126
Smokeri %) 74 30.2 28.7 36.3 5.9 31l 324 26.6 9.6
Alcohol use| %) 47.3 386 $3.2 46.6 39.3 43.0 33.4 318.9 6.4
Duration of disease 62.6 529 B2.7 B2 3%y 62.0 68.3 621 634
» 1 yeart%)
Males 1kg} 77(13) PRl TRLY) 112y 7HILIL FHIL2Y TR 7HIDY TR
Mean weighr (s.d.)
Fernales ikg) 66114) 531101 6311 Ad(11y Ad{1dl  BH1ZE BA{12) B20100  BHI1IY
Mean weight (s.d.) .
H. pylori-positive 1%} 387 38.0 8.0 433 - 41.9 (LX) [t h k.6

111, Bond: 121. Opera: (€], combined.

covariate). but the difference belween omeprazole

10 mg and placebo was not {P = 0.08).

The total PGWB score improved similarly in ail groups
by the last visit. There was no statistically significant
difference in the total score or in the subscale scores
between the three treatment arms {data not shown),

Treatment response in the Bond vs. Opera studies

The difference in treatment response between active
treamnent and placebo was greater in the Bond than in
the Opera study (Table 4). This difference was statisti-
cally significant when comparing active treatment
(omeprazole 20 mg or omeprazele 10 mg) with placebo
{P = 0.006) as well as when comparing each active
drug with placebo [P = 0.04 for omeprazole 20 mg vs.
placebo and P = 0.005 for cmeprazole 10 mg vs.
placebo). The distribution of the dyspepsia subgroups
was similar in the Bond and Opera studies. However, in
patients recruited by a general practitioner the differ-
ence in treatment respense between active tzeatment
and placebo was considerably greater than in patients
recruited by a specialist. In the Bond study. 34% of the
patients were [rom family practice but in the Opera
stizdy only 8% were from this setting. When adjusting
for the rtype of investigator {family physician or
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specialist} the differences between the studies in treat-
ment response between active treatment and placebo
was no longer statistically significant.

Adverse events

The number of adverse events was low and was similar
across the three rearment arms. A total of 34 patients
discontinued wreatment due to adverse svents 10 on
omeprazole 20 mg, 9 on omeprazoie 10 mg and 15 on
placebo.

DISCUSSION

Drugs that reduce gastric acid secretion are commaonly
prescribed for patients with functional dyspepsia. but
their efficacy has been questioned.'* '* Randomized
placebo-controlled trials of H.-receptor antagonists in
functdonal dyspepsia have produced conflicting resuits:
in the positive studies the benefit gver placebo was small
based on the symptom scores applied and therefore of
guestionable clinical significance.’® ** ** while the
negative frials were often underpowered to detect an
important difference between drug and placebo.'* ** A
meta-analysis suggested that H,-blockers produced a
therapeutic effect of 20% over placebo but the report

© 1998 Blackwell Science Ltd, Aliment Pharmacol Ther 12. 1053-1063



Table 2. Complete reliel of dyspeptic symptoms, estimates apd
%5% confidence imervals

Confidence intervat
. itrmies
Reliel of dyspepsia
lestirmate)

Treannent Loweri %) Uppen®}

Bonad stady
Intennon-to-weat
Cmeprazole 20 mg
Omeprazole 10 mg
Placebo

Per protocol
Omeprazole 20 mg
Omeprazole 10 mg
Placebo

Opera stady
Intention-ro-treat
Omeprazole 20 mg
Omeprazole 10 mg
Placebo

Per protocol

42.5% 21219 358 493
43.1% 188/204) 36.2 30.2
26.00% 157/219) 20.3 324

$5.3% 181/179) 378 328
43.9% (76/173) 364 51.7
24.6% 146/187) 186 B E

33.7% (68/202} 27.2 0.6
28.9% (58/201} 227 35.6
30.5% (62/203}) 243 374

Omepeazole 20 mg 34.8% (56/161) 7.3 427
Omeprazole 10 mg 30,1% (52/173) 233 373
Placebo 33.5% (371700 26.5 41.2
Combined studies

Intenton-ro-treat

Omeprazole X3 mg  38.2% (16174210 336 431.1
Omeprazole 10 mg  36.0% {146/405)  31.4 40.9
Placebo 28.2% {119/¢2y 240 328
Per protocel

Omeprazole 20 mg  40.3% (137/3401  35.0 457
Omeprazole 10 mg 3I7.0% (128/346) 319 423
Placabo 28.9% (103/357) 242 339

has been criticized for only including some of the
available trials.”® Thus. it remains to be definitely
established thay this class of antisecretory compounds is
superior to placebn in functional dyspepsia. On the
other hand. the role of more potent acid suppression has
not untl now been adequately investizated. We found
in the present study that omeprazole was superior to
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placebo in relieving the sympioms of functional dys-
pepsia. although the benefit was very modest. We
combined the results of the twa mrials because they were
of identical design. with the exception that different
countries recruited the patients. Rather than relving on
an arbitrary symptom score which may not translate
into a clinically meaningful number, the main outcome
measure in this trial chosen a priori was the most
rigorous possible, namely absence of epigastric pain and
discomfort. Importantly. all the symptom mmeasures
improved in paraflel and both doses of omeprazole were
superior to placebo. The evidence is consistent with the
observed small therapeutic gain with omeprazole being
clinically mezningful.

it has been suggested that patients with lunctional
dyspepsia can vselully be divided into subgroups based
on symptoms. In the original proposal. ulcer-like.
dysmotility-like. reflux-like and pon-specific dyspepsia
were identified based on clusters of symptoms.’’ and
subsequently the Rome criteria were developed along
similar lines. although reflux-like dyspepsia was discard-
ed.! However. symptorn clusters have appeared to be a
distnal failure because of substantial symptom overlap
and a lack of correlation with pathophysiclogical ©
disturbances.> > * Hence. in the present study we a
priori applied a new forced choice classification based on
symptem predominance, We also did not discard reflux
symptoms becanse these are so comaon in patients with
any upper gastrointestinal tract disease including peptic
wlceration.”® We noted that the symptom benefit with
omeprazole was greatest in patients with ulcer-like or
refiux-like dyspepsia, and was not observed in those with
dysmotility-like symptoms. The resuits suggest that
symptom subgrouping based on symptom predominance

has clinical utility because it predicts freatment response.

There are very few other trials that have addressed the
clinical benefit of proton pump inhibitor therapy in
functional dyspepsia. Lauritsen and co-workers

Table 3. Mumber of patients and proportton (%} of patients with complete relief of dyspeptic symptoms (intention-to-treat analysis! by

H. pylori status {'>Curea breath test)

Omeprazote 20 mg Omeprazole 10 mg Placebo Al
] {%hi n 1%} n 1% n (%)
Total 421 38 405 36 321 28 1248 34
H. pulori status
MNegative 155 35 230 37 230 24 7135 32
Positive 156 43 166 36 185 id 307 37
Unknown 14 40 9 22 7 29 26 31

@ 1998 Blackweil Science Lid. Aliment Pharmacel Ther 12, 1053-1063
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Table 4. Proportion of patents with complete relief of dyspeptic svmptoms by type of investigater. (TT

Omeprazolz 20 mg Jmeprazole 10 mg Flaceha all

n % n % n i n %
Bond study .
Specialist 145 47 13z 40 143 32 422 40
GP 74 34 72 +9 N 14 2 32
All 219 42 204 13 219 26 f42 37
Opera study
Spegialist 186 32 188 30 185 32 339 n
GP 16 56 I | 15 I8 11 T 13
Al 02 34 201 29 303 3l ROR 31
Combined
Specialist 331 35 320 34 1io 32 981 35
GP 90 38 85 b 92 13 Hy 31
Al 421 38 405 ia 422 28 1248 it

GP, general practitioner: Sperialist. gasiroenterclogist.

randomized 197 patients with functional dyspepsia to
omeprazole 20 mg twice daily or placebo for 2 weeks in
Denmark and Sweden: complete rellef of dyspepsia in
the last 2 days was observed in 33% on smeprazole and

13% on placebo. which was a significant difference.'®
On the other hand, a German muliicenire study
randomized 8301 patients with functional dyspepsia to
omeprazole (10 mg and 20 mg daily). ranitidine {150
mg nightly) or placebo for 2 weeks.*® The investigator
judged whether the patient required further investiga-
tion or treatment. and using this as the primary end-
point there was no significant difference between the
groups.

There are other studies that have evaluated proton
pump inhibitor therapy in uninvestigated dyspepsia in
primary care. Meineche-Schmidt & Krag reported a
randomized wial of omeprazole {20 mg daily) and
placebo for 2 weeks in 536 Danish patients with oo
documented history of ulcer or gastro-gesophageal
ceflux disease but who had ulcer-like or refiux-like
dyspepsta: 30% on omeprazole compared with 33% on
placebo had no symptoms at the end of the trial.’®
Ancther trial enrolled 674 patients with uninvestigated
dyspepsia and/or heartburn and in an open-label study
randomized them to omeprazole 10 mg daily or Gawis-
con four fmes daily for 4 weeks: symptom abolition at
4 weeks was observed in 41% on omeprazole and 16%
on Gaviscon. but although statistically significant. the
results are very difficuit to interpret because of the lack
of blinding.*! fones & Baxter in a randomized tria
compared lanscprazole 30 mg daily with ranitidine
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150 mg twice daily: the proton pumyp inhibitor provided
significant symptom relief compared with the H.-
antagonist in those with epigasmic pain and/or heart-
burn. but patients with and without 2 history of
stractural disease were enrolled and no placebo control
group was included. > _

A recent systematic review of all published randomized
controlled trials in functional dyspepsia evaluated a
total of 32 eligible smdies:’’ the majority of trials
sulfered (rom serious weaknesses in study design and
execution, and only five studies used previously vali-
dated outcome measures. In this wial careful attention
was given 1o avoiding previously identified methodaolog-
ical concerns. In particudar. validared outcome mea-
sures were utilized, strict blinding was maintained. an
adequate placebo control was included and the study
was sufficiently powered to detect modest but clinically
significant differences. Utilizing the hard end-point of
symptom absence, the placebo response was minimized.
Hence our results suggest that 3 subgroup of patients
with functional dyspepsia are respeusive to acid sup-
pression. and we conclude that the findings are likely to
be accurate and applicable ta clinical practice.

If proton pump inhibitors are efficacious in some
patients with functional dyspepsia. by what mechanism
do they veduce symptoms? Modulation of gastric acid
secretion {3 one consideration. Earlier reports demon-
strated that both basal and peak acid output were
similar in patients with functional dyspepsia compared
with appropriate control groups.'® Move recent work
has shown that acid secretion in response to gastrin-

B 1998 Blackwell Science Lid. Aliment Pharmacel Ther 12. 1055-1063



releasing peptide 1GRP} was significontly increased in
H. pylort infected patients with [unctional dyspepsia
compared to H. pylori-positive healthy volunteers.'!
Overall. approximately 50% of pattents with functional
dyspepsia had a disturbance of GRP-stimulated acid
secretion and in this group the distarbance was similar
w that found in patients with duodenal uicer.'' The
data suggest that a subset of patients with functional
dyspepsia and. H. pylori infection have acid dysregula-
tion that potentially may respond to acid suppression.
However, in the present trial, H pylort status did not
predict response to therapy so that this mechanism
appears unlikely to explain the results,

& forther possible explanation for the efficacy of
omeprazole in functonal dyspepsia may relate to
undiagnosed gastro-oesophageal reflux disease (GERD).
Heartburn is a very common complaint in the general
population:** furthermore, the majority of patiencs with
functonal dyspepsia have co-existent heartburn if
specific enquiries are made.”® It i5 conceivable that
some patents labelled by their physician as*having
functional dyspepsia in this trial actnally had atvpical
GERD and this may explain any benefit of acid
suppression. ** *7 Indeed. while the majority of patients
enrolled had uicer-like dyspepsia (n = 708 or 36%).
143 patients (11%) were classified at eniry as having
predominant reflux symptoms and it is likely that oque
pathological acid refliux was present in a subset of these
patienuts, The rate of complete symptom relief observed
in reflux-like dyspepsia in this trial was similar o the
symptom relief of beartburn observed in patients with
endoscopy-negative GERD.** On the other hand, in the
present study patients with endoscopically diagnosed
aesophagitis. a past history of documented GERD or
teartburn alone were excluded. Moreover. patients had
to have a diagnosis of fiunctional dyspepsia based on the
investigators. judgement in order to enter the trial
Whil 24 h oesophageal pH testing would have provid-
ed additional information to address how many patients
bad true gastro-oesophageal reflux. it is invasive and
would have resulted in a highly selected patient
population being enrolled because of refusals. and
hence was considered impractical. Moreover. aother
work suggests that acid exposure as measured by
24 b oesophageal pH lesiing does not predict the
response to proton purap inhibitor therapy in dyspep-
sia.’® In practice this is not a crucial issue as oar results
show that a subset of patients with a clinical and
endoscopic diagnosis of functional dyspepsia will re-

© 1998 Blackwel Science Ltd. Aliment Pharmaeal Ther 12, 1055-1065
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spond to omeprazole. However. more research is
required to determune i atypical GERD explains the
benefit of acid suppression in some patients with
lunctional dyspepsia.

We did observe a lower wearment effect in Study 2
compared to the Bond studv. This could not be
explained by baseline differences and for this reason it
was justifiable 1o combine the studies. More general
pracritioners participated in the Bond study whereas a
higher proportion of gastroenterologists pariicipated in
the pera study. Interestingly. the placebo response was
higher amongst those patients seeing a gastroenterclo-
gist {32%) compared to those enroiled by a family
practitioner (13%). although the response to active
treatment was reasonably similer in both gromps
{Table 1). Conceivably, those seeing a specialist may
feel more reassured that they do not bave a serious
underlying disease, which may promote a higher
placebo response.

{n conclusion. our results have demonstrated that the
proton pump inhibitor omeprazole at a dose of 20 mg
and 10 mg was modestly supetior o gplacebo In
relieving the symptoms of functional dyspepsia. partic-
ularly in those with ulcer-like or reflux-like dyspepsia.
but symptom reliel was similar in those with and
without H. pylorf infection,
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