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Summary y 

Background.. Proton pump inhibitor(PPI)-based triple therapies have consistently achieved 

eradicationn rates above 80% and are widely employed as first-line treatments for Helicobacter 

pyloripylori infections. Second-line therapy in patients who failed a first-line PPI-triple therapy is 

problematic.. The aim of this study was to compare the efficacy of a second-line PPI-triple 

versuss quadruple therapy, in patients with primary PPI-triple therapy failure. 

Materialss and methods. Patients who failed a PPI-triple therapy were randomly allocated 

too second-line therapy with PPI-triple therapy consisting of omeprazole 20 mg bid, 

clarithromycinn 500 mg bid and metronidazole 500 mg bid(OCM), or quadruple therapy 

consistingg of omeprazole 20mg bid, bismuth subcitrate 120 mg qid, tetracycline 500mg qid 

andd metronidazole 500mg tid (OBTM), both for 7 days. All failures of the second-line O CM 

treatmentt were offered a third-line OBTM regimen. Cure of H. py/ori-infection was defined 

ass absence of H. pylori in culture and histology in all biopsies, at least four weeks after 

completionn of therapy. Antibiotic resistance was determined by E-test. 

Results.. Twenty-three patients were included. One patient, randomized to OBTM was lost 

too follow-up. Compliance was excellent. Eradication rates were 22% 2/9 for O CM and 85% 
,1/13forr OBTM.The difference in cure rate between O CM and OBTM was 62% (95% CI: 

29-96),, p=0.0003). Resistance to clarithromycin was seen in 30% of the patients before the 

first-linee therapy, in 48% before the second-line therapy and in 67% before the third-line 

therapy.. Resistance to metronidazole was seen in 50% of the patients before the first-line 

therapy,, in 55% before the second-line therapy, and in 89% before the third-line therapy. 

Failuress of both second-line regimens were seen primarily in patients harboring resistant 

strains. . 

Discussion.. In failures of PPI-triple therapy, second-line treatment with one week OBTM 

iss superior to one week OCM, especially in metronidazole resistant patients. We recommend 

quadruplee therapy in the case of PPI-triple therapy failure. 
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Introduction n 

Thee efficacy of proton pump inhibitor (PPI)-based triple therapy in eradicating Helicobacter pylori 

hass been well documented. When efficacy, compliance, safety, cost-effectiveness, and simplicity 

off  a regimen are taken into account, PPI-triple therapies are the most frequently recommended 

treatmentss world-wide.M However, in 10-20% of cases, these PPI-triple therapies fail to eradicate 

H.pylori.TheH.pylori.The reasons for failure of PPI-triple therapies are often not known. Patient compliance 

andd antimicrobial resistance are thought to be the major determinants of treatment failure.5-10 

Itt is unclear what the optimal therapy is to eradicate H. pylori after PPI-triple therapy has failed. 

Thee Maastricht Consensus2 advised quadruple therapy in the case of PPI-triple therapy failure; 

however,, few data exist on the efficacy of a quadruple therapy as a second-line regimen. 

Thee majority of data on the efficacy of currently used eradication regimens is based on patient 

populationss presenting for an initial eradication attempt. Extrapolation of these findings to 

patientss who have already experienced a failed eradication therapy is likely to be misleading.11 

Wee prospectively compared the efficacy of a second-line PPI-triple versus quadruple therapy, in 

relationn to metronidazole and clarithromycin resistance, in patients with primary PPI-triple 

therapyy failure. 

Methods s 

Patientss between 18 and 80 years of age, who were referred to our endoscopy unit for diagnostic 

upperr gastrointestinal endoscopy because of dyspeptic complaints, were eligible for the study. 

Patientss had to be H. pylori -positive, as proven by positive Histopathology and/or culture of 

gastricc biopsies, and patients had to have failed a prior PPI-triple therapy. Exclusion criteria were: 

previouss gastric surgery, complicated ulcer, allergy to the study medication, reflux esophagitis 

requiringg ongoing use of a proton pump inhibitor, expected non-compliance, pregnancy or 

breastfeeding,, and severe concurrent disease. 

Afterr proven failure of a prior PPI-triple therapy, patients were invited to participate in this study. 

Al ll  patients gave informed consent. 

Thee patients were randomly allocated to one of the following second-line regimens for 7 days 

each:: PPI-triple therapy, consisting of omeprazole 20 mg bid, clarithromycin 500 mg bid and 

metronidazolee 500 mg bid(OCM), or quadruple therapy, consisting of omeprazole 20mg bid, 

bismuthh subcitrate 120 mg qid, tetracycline 500mg qid, metronidazole 500mg tid (OBTM). 

Al ll  failures of the second-line O CM treatment were offered a third-line OBTM regimen. 

Thee patients were questioned about compliance and side effects. Patients who were judged to 

bee in need of further treatment after the antimicrobial therapy were prescribed antacids or H2-

receptorr antagonists. No proton pump inhibitors, antibiotics or bismuth-compounds were 

allowedd during follow-up. 
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AssessmentAssessment of H. pylori status and susceptibility testing 

Upperr endoscopy was performed at baseline and four to six weeks after completion of the 

treatmentt courses. At each endoscopy at least six biopsies were taken: two for histology and one 

forr culture, from both antrum and corpus. Cure of H. py/on'-infection was defined as absence of 

H.H. pylori in culture and histology in all biopsies. 

MicrobiologicalMicrobiological analysis 

Att each endoscopy, one antrum and one corpus biopsy were taken for culture. The biopsy 

specimenss were inoculated on fresh Columbia agar plates containing 7% horse blood and cultured 

inn microaerophilic conditions at 37 oC. After 3 days the grown H. pylori were collected using a 

cottonn swab and suspended in 2 ml of DMEM cell culture medium. From this suspension 100 

ml,, containing 107-108 cfu/ml, was flooded on Colombia agar plates containing 7% horse blood. 

Al ll  plates were incubated at 37 °C under microaerophilic conditions for 3 and 5 days. The H. 

pyloripylori strains were tested for metronidazole and clarithromycin susceptibility using the E-test (AB 

Biodisk,, Sweden). The minimal inhibitory concentration (MIC) was defined as the 

concentrationn on the E-test strip closest to the point of intersection with growth on the plate. 

H.H. pylori was considered to be susceptible to metronidazole if the bacteria had a MI C < 4 ug/ml.12 

H.H. pylori strains were regarded to be resistant to metronidazole if the bacteria had a MI C > 8 

ug/ml.. Patients with a MI C for metronidazole between 4 and 8 ug/ml were not included in 

thiss study. The H, pylori strains were considered to be resistant to clarithromycin if the bacteria 

hadd a MI C > 1 ug/ml. 

Histopathology Histopathology 

Biopsiess taken for histopathological assessment were placed in separate tubes containing 10% 

bufferedd formalin. Specimens were processed using the paraffin embedding technique, 

sectionedd at four mm perpendicular to mucosal surface and stained with the Giemsa method. 

Complementaryy staining, e.g. immunohistochemical staining or in situ hybridization, was 

performedd if necessary. The biopsies were histologically graded according to the updated Sydney 

system.B B 

Results s 

Fromm April 1996 to January 1999, a total of twenty-three patients were recruited into the study. 

Onee patient with functional dyspepsia, who was randomized to second-line OBTM therapy, 

wass symptom free after second-line quadruple therapy and refused follow-up endoscopy. Al l other 

patientss completed the protocol. Demographic and clinical characteristics of the patients who 

completedd the protocol are listed in TABLE I.There were no significant differences between the 

twoo patient-groups regarding sex, age, underlying disease, type of first-line eradication regimen, 

orr antimicrobial resistance.The patients tolerated the medication well. Five out of 13 patients in 

thee OBTM group and four of the nine patients from the O CM group reported no side effects. 
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Tablee i Patient characteristics 

Second-linee therapy p-value 

Numberr of patients 
Sexx Male/Female 
Age e 

Mean n 
Range e 

Diagnosis s 
duodenall ulcer 

gastricc ulcer 
nonn ulcer dyspepsia 

Failedd first-line eradication regimen 
PPI-amoxycillin-metronidazole e 
PPI-amoxycillin-clarithromcyicin n 
PPI-metronidazole-clarithromycin n 

Metronidazole e 

resistant t 
sensitive e 
unknown n 

Clarithromycin n 

resistant t 
sensitive e 
unknown n 

OCM M 

9 9 
4/5 5 

45 5 
24-70 0 

i i 

1 1 

7 7 

0 0 

4 4 
5 5 

5 5 
4 4 
0 0 

3 3 
6 6 
0 0 

OBTM M 

13 3 
7/6 6 

49 9 
32-68 8 

2 2 

0 0 

11 1 

l l 

4 4 
8 8 

7 7 
6 6 
0 0 

7 7 
6 6 
0 0 

NS S 

NS S 

NS S 
NS S 
NS S 

NS S 
NS S 
NS S 

NS S 
NS S 
NS S 

NS S 
NS S 
NS S 

OCMOCM = omeprazole 20 mg bid, clarithromycin 500 mg bid and metronidazole 500 mg bid for 7 days. 
OBTMOBTM = omeprazole 2omg bid, bismuth subcitrate 120 mg qid, tetracycline $oomg aid and metronidazole $oomg tidfor 7 days. 

NS=notNS=not significant PPI=proton pump inhibitor 

Tablee 2 Eradication rates 

Total l MS-CS S MR-CS S MS-CR R MR-CR R 

OCM M 
OBTM M 

N/n n 

2/9 9 
n/13 3 

% % 
2 2 2 

85 5 

95%% CI 
2.8-60 0 

55-98 8 

N/n n 

2/4 4 
3/3 3 

% % 
50 0 

1 0 0 0 

N/n n 
o/ i i 

2/3 3 

% % 
0 0 

67 7 

N/n n 
0 / 0 0 

3/3 3 

% % 
0 0 

TOO O 

N/n n 

0/4 4 

3/4 4 

% % 
0 0 

75 5 

N=numberN=number of eradicated patients  n=number of treated patients  %=eradication rate  9$¥o 0=95 percent 

confidenceconfidence interval. 
OCMOCM = omeprazole 20 mg bid, clarithromycin 500 mg bid and metronidazole 500 mg bid for 7 days. 
OBTMOBTM = omeprazole 2omg bid, bismuth subcitrate 120 mg qid, tetracycline soomg qid and metronidazole ^oomg tid 

forfor 7 days. 
MSMS = metronidazole susceptible strains. MR = metronidazole resistant strains. 
CSCS = clarithromycin susceptible strains. CR = clarithromycin resistant strains. 
TheThe difference in the overall eradication rate between OCM and OBTM is 62%. (95% confidence interval: 29 -96%; 

p=p= 0.0003 (exact p value)). 
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Figuree 1 Flow chart of all treated patients 

222 dyseptic patients who failed PPI triple therapy 

I I 

OBTM M 
n=i3 3 

OBTM M 
n=9 9 

JZ JZ 

nn (85%) eradicated 22 (15%) not eradicated 22 (22%) not eradicated 77 (78%) not eradicated 

ll RBC-TMI 11 refused further treatment 

11 not eradicated 

OBTMOBTM = omeprazole 2omg bid, bismuth subcitrate 120 mg 
aid,aid, tetracycline $oomg qid, metronidazole joomg tidfor 7 
days. days. 
OCMOCM = omeprazole 20 mg bid, clarithromycin 500 mg bid 
andand metronidazole 500 mg bid for 7 days. 
RBC-TMiRBC-TMi = ranitidine bismuth citrate 400 mg bid, tetracy-
clinecline $00 mg qid, metronidazole 500 mg bid for 7 days 
RBOCM2RBOCM2 = ranitidine bismuth citrate 400 mg bid, clarith-
romycinromycin 500 mg bid, metronidazole 500 mg bid for 14 days. 

77 OBTM retreatment 

55 (71%) eradicated 22 (29%) not eradicated 

ii OBTM retreatment ii RBC-CM2 retreatment 

ii not eradicated 11 not eradicated 

11 RBC-CM2 retreatment 

ll not eradicated 

Onlyy one patient in the OBTM group had severe side effects and was unable to continue normal 

dailyy activities. All patients reported to have taken all tablets for the second-line regimen, except 

forr one patient in the O CM group, for whom compliance is unknown. 

Eradicationn rates are listed in TABLE 2.The cure rate for second-line treatment with O CM was 

22%% (95% CI: 2.8-60%) and for second-line OBTM treatment, the cure rate was 85% (95% CI: 

55-98%)) The difference in overall eradication rate between the second-line O CM and O B TM 

therapiess is 62% (95% confidence interval: 29 -96%; with a p-value according to the Fisher's 

exactt test of 0.0003). 

Al ll  patients who failed the second-line regimen were offered further treatment as is depicted in 

FIGUREE 1. Five out of the seven patients (71%) who failed the second-line O CM were eradicated 

afterr a third-line OBTM regimen. 

Antimicrobiall  susceptibility was assessed for all patients in all instances, except for two patients 

wheree no biopsies for culture were obtained before the first PPI-triple therapy. Resistance to 
clarithromycinn was seen in six out of 20 patients (30%) before the first-line therapy, in 11 out 

off  23 patients (48%) before the second-line therapy and in six out of nine patients (67%) before 
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thee third-line therapy. Resistance to metronidazole was seen in 10 of 20 patients (50%) before 

thee first-line therapy, in 12 of 22 patients (55%) before the second-line therapy and in eight of 

ninee patients (89%) before the third-line therapy. 

Discussion n 

Thiss randomized study shows that after failure of a PPI-triple regimen, patients still have a good 

chancee of eradication with quadruple therapy. Even when the one patient who was lost to follow-

upp is included and considered a treatment failure, there is still a clearly significant difference in 

efficacyy in favor of second-line quadruple therapy, with a p-value of 0.001. Second-line O CM 

iss significantly less effective. Third-line quadruple therapy for one week, after failure of two 

sequentiall  PPI-triple therapies, still yielded a 71% eradication rate. This study also shows that 

antimicrobiall  resistance for metronidazole and clarithromycin clearly increases after failure of a 

PPI-triplee therapy. 

Ourr data confirm the findings of Moshkowitz et al who found that the number of previous 

treatmentss significantly decreases the efficacy of retreatment.11 

Compliancee is often reported to be a major determinant in therapy failure.We questioned all our 

patientss about compliance and side effects. Compliance was reported to be excellent in both 

groups,, although we cannot rule out the possibility that compliance was overestimated. Side effects 

weree more frequent in the OBTM group; however, they did not lead to discontinuation of therapy. 

Antimicrobiall  resistance is also considered a major factor in treatment failure. Recent reviews 

havee established a negative effect of metronidazole and clarithromycin resistance on all types of 

PPI-triplee therapy.1415 For quadruple data are still relatively scarce and pooled analysis could not 

establishh without doubt a significant drop in efficacy in the case of antimicrobial resistance with 

thesee therapies. 

Primaryy antimicrobial resistance was high in our population: 30% for clarithromycin and 50% 

forr metronidazole. Development of secondary resistance, after the first-line PPI-triple therapy, 

forr clarithromycin was 29%; and for metronidazole, 40%. There was no selection of treatment 

onn the basis of the antibiogram in our population. Failures of both the second-line regimens 

weree seen mostly in patients harboring resistant strains. Therefore, the high rate of antimicrobial 

resistancee contributes to the observed treatment failures. 

Otherr factors that may have lead to treatment failure remain unclear. However, treatment factors 

(e.g.. pretreatment with a PPI, dosage, dosing-interval, duration, formulation, or combination of 

drugs)) and factors related to the host (smoking, alcohol intake, age, sex) or to differences in H. 

pyloripylori strains can all influence eradication rates.8-lfr_2°. These 'other' factors that are currently not 

welll  understood can explain why some H. pylori seem 'ineradicable' or why certain patients, who 

appearr compliant and show no antimicrobial resistance to any of the antibiotics used, still fail 

sequentiall  anti-H. pylori therapies. 

Dataa in the literature on the efficacy of treatment strategies when PPI-triple therapy fails are 

scarce.. We were able to identify four full papers and nine abstracts in which patients with PPI-
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triplee therapy failure were retreated with a second-line PPI-triple therapy.U21"32A total of 333 

patientss were studied in these papers, with a mean of 20 (range 7-74) patients per study arm. 

Thee mean cure rate of second-line PPI therapy in these studies was 60%, ranging from 14-100%, 

withh a standard deviation of 24%. Lee et al showed a 33% cure rate with a repeat one-week PPI-

triplee therapy.31 However, an eradication rate of 80% on a per-protocol basis was seen when this 

PPI-triplee therapy was prolonged to two weeks.31 

Dataa on the efficacy of second-line quadruple therapy after PPI-triple therapy failure are also 

conflicting,, with, to our knowledge, 16 published abstracts only and one full paper.2831-1323'26'44A 

totall  of 460 patients were studied in these papers, with a mean of 22 (range 3-69) patients per 

studyy arm.The mean cure rate of second-line quadruple therapy in these studies was 65%, ranging 

fromfrom 5 to 100%, with a standard deviation of 24%. 

Itt is not clear why the data in the literature are so conflicting. Perhaps these conflicts can be 

explainedd by differences among the regimens and by the fact that in some studies different 

antibioticss were chosen for the second-line therapy, or the second-line therapy was selected on 

thee basis of the antibiogram while in other studies it was not. 

Recentlyy Rinaldi et al reported second-line treatment with ranitidine bismuth citrate-

tetracyclin-tinidazolee combination therapy for two weeks after failure of a 

PPI-amoxycillin-clarithromycinn therapy of seven days. In that study, cure rates for the second-

linee therapy were reported of 82% (31 out of 38 patients) on an intention-to-treat basis and 86% 

(3loutt of 36 patients) on a per-protocol basis.45 

Inn conclusion, the data on treatment failure of H. pylori are scarce. Choosing the best available 

first-linee treatment wil l prevent the development of secondary resistance, wil l lead to the lowest 

numberr of treatment failures, and is the most cost-effective approach. Obviously, antimicrobial 

resistancee is important in therapy failure; however, this is not always available. When choosing 

quadruplee therapy, the impact of antimicrobial resistance is limited. Otherwise, it seems logical 

too use full doses and to choose different treatment regimens to avoid the antibiotics that were 

previouslyy used. 

Iff  initial eradication therapy fails and there is a clear indication to treat the H. pylori-infection 

anotherr attempt should follow and, if necessary, a third and fourth until the infection is cured. 

Inn patients who fail a first-line PPI-triple therapy, retreatment with another one-week PPI-triple 

therapyy cannot be recommended. Whether prolonging the duration of second-line PPI-triple 

therapyy or switching to ranitidine bismuth citrate-based triple therapy wil l increase the cure rates 

awaitss further trials. For the time being, we recommend quadruple therapy in case of PPI-triple 

therapyy failure. 
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