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Preface

This thesis is a “sandwich thesis” consisting of 3 individual manuscripts. At the time of writing
(November -December 2016), one manuscript was partially presented as abstract at the Digestive
Disease Week! (Chicago May 3-6, 2014) and it has been submitted in a peer reviewed journal?, which
ask some changes before accept it for publication. Two further manuscripts (Chapters 5° and

chapter 6%) have been published in peer reviewed journals.

Dr. Luigi Gatta’s contribution to the above works include: developing the research questions,
developing the research strategies, designing the studies, writing the protocol, performing data
extraction, conducting the analyses, writing up manuscripts, and responding to reviewers’

comments.
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Abstract

Decisions in health-care have become extremely complex and difficult since they involve a complex
web of input and uncertainties. It is necessary to draw information from many sources such as
primary data, preference of patients, clinical experiences, personal opinions, medical and legal
regulations and, last but not least, scientific evidence. Nevertheless, the weight of the scientific
evidence is critical, and indeed the evidence-based approach is now a “must”. However, the number
of scientific publications exploded over the last 50 years, making scientific updating very difficult.
Scientific publications taken individually or in small groups selected randomly, can often present
confusing and, in some cases, even contradictory results. To establish efficacy, safety as well as
utility of a health-intervention it has become increasingly common performing systematic reviews
and meta-analyses. These tools allow to get an updated and a comprehensive assessment (even if
not the definite one) of the health-intervention evaluated. In this dissertation, we present the
results of an evidence-based approach concerning three gastroenterological issues. It was assessed
the effectiveness and the safety of rifaximin to treat the small intestine bacterial overgrowth (SIBO),
which is a heterogeneous syndrome characterized by an increased number and/or abnormal type
of bacteria in the small bowel, and well-recognized as cause of maldigestion and malabsorption.
Rifaximin is a poorly absorbed antibiotic with a broad spectrum of antibacterial activity, covering
Gram-positive and Gram-negative microorganism, both aerobes and anaerobes, fulfilling the
characteristics set by DuPont and Ericsson for the ideal antimicrobial that should be used for the
treatment of gastrointestinal infections. As a consequence, over the past decades, rifaximin has
been largely used to treat SIBO even if there was a lack of a critical summary of evidence. Systematic
reviews and meta-analyses represent the basis do draw evidence-based guidelines on drug use in
given clinical conditions. By reviewing and distilling a large body of literature, we developed a
Position Paper addressing benefits and harms proton pump inhibitor (PPI) therapy in the treatment
of acid-related diseases. Studies in primary care and emergency settings have indeed suggested that
PPIs are frequently prescribed for inappropriate indications or for indications where their use offers
little benefit. Inappropriate PPl use is a matter of great concern, especially in the elderly, who are
often affected by multiple comorbidities and are taking multiple medications, and are thus at an
increased risk of long-term PPl-related adverse outcomes as well as drug-to-drug interactions.
Finally, since National Health Systems are currently collapsing, pharmacoeconomic analysis
represents an integral part of the decision process. However, the evaluation of economic impact of

a given treatment is often biased and influenced by Companies’ pressure. In this connection, we



showed that the conclusions of an article concerning tapentadol ER - in comparison with
oxycodone/naloxone CR - were misleading. Indeed, with a robust methodological and meta-analytic
approach we were able to show that the comparisons made by the Authors were incorrect and

actually reached an opposed conclusion.
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1 Evidence Base Medicine

In 1991 an international group wanted to encourage clinicians to consider results from the most
updated research to treat patients. For this reason, they started to write a series of User’s Guide to
reading research for JAMA, and they were looking for a new term to emphasize the intention of the
series. After several suggestions, in 1992 the group’s leader Gordon Guyatt proposed the term
Evidence Based Medicine (EBM) 3. Interest in EBM has grown fast from 1 citation in Medline in
19923 to over 60.000 in January 2014. Several of the most important medical journals advised to
follow EBM rules of evidence®®, and the New York Time judged EBM to be the idea of the year in
2001 ’. Moreover, the evidence based practice became to be incorporated in several disciplines

including occupational therapy, physiotherapy as well as social science and even in chaplaincy ®.

During the history of medicine, three overlapping methods for determine whether treatments were
effective have competed for dominance. The first considered that the effects of medical treatments
had to be evaluated directly by comparing groups of people who received or not treatment >**. The
second believed that the underlying mechanisms of health and diseases had to be specified before

9-12

concluding that a therapy caused a cure . The third was based on authoritative pronouncements

of clinical experts sometimes outplaying external evidence **. However, EBM has developed on the

basis of the first school **.
1.1 Definition of EBM
The current definition of EBM if the following:

“EBM requires the integration of the best research evidence with our clinical expertise and our

. . . 14
patient’s unique values and circumstance”™".

By best research evidence is meant “clinically relevant research, sometimes from the basic sciences

of medicine, but especially from patient centred clinical research into the accuracy and precision of
diagnostic test (including the clinical examination), the power of prognostic markers, and the

efficacy and safety of therapeutic, rehabilitative, and preventive strategies”**.

By clinical expertise is meant “The ability to use clinical skills and past experience to rapidly identify

each patient’s unique health state and diagnosis, their individual risks and benefit of potential

. . . . 14
interventions, and their personal values and expectations” ~".

14



By patient values is meant “the unique preferences, concerns and expectations each patient brings
to a clinical encounter and which must be integrated into clinical decisions if they are to serve
patient” **.

By patient circumstances is meant “their individual clinical state and the clinical setting” **.

1.2 The philosophy of EBM

The philosophy of EBM is clearly expressed in the EBM hierarchy (Figure 1.2.1) 7.

Figure 1.2.1 EBM hierarchy.

Systematic
Review and

Meta-analysis

Randomized
Controlled Trial

Cohort Studies
Case-Control Studies

Case Series, Case Reports

Editorials, Expert Opinion

The EBM hierarchy is mainly based on 3 points: 1) systematic review and/or meta-analysis of
randomized controlled trials (RCTs) or RCTs usually provide stronger evidential support than
observational studies; 2) comparative clinical studies (including RCTs and observational studies)
usually provide stronger evidential support than “mechanistic” reasoning (“pathophysiologic
rationale”) from more basic sciences; 3) comparative clinical studies in general (including RCTs and

observational studies) provide stronger evidential support than expert clinical judgment 3.

15



1.3 The practice of EBM

The practice of EBM is based on four steps, the so-called 4A’s: 1) asking clinical questions; 2) acquire

the best evidences; 3) appraise the evidences; 4) apply the evidences (Figure 1.3.1)".

Figure 1.3.1 Practicing the EBM: the 4 A’s.

Step 2
Step 1 —

Apply the
Evidences

Appraise
the
Evidences

Acquire

AELSE the Best

Evidences

Clinical
Question

1.3.1 Asking clinical questions

There are mainly two types of questions: the background questions commonly asked for general
knowledge about a condition, test, or treatment; and the foreground questions, asked for a specific
knowledge to inform clinical decisions or actions. When the experience with the condition is limited,
the majority of questions could be about background knowledge. As the clinical experience growth,

there will be increasing proportions of questions about the foreground managing of the patient **.

Foreground questions have usually four essential components that can be summarize with the
acronyms “PICO”. P stands for patients, population, predicament or problem of interest; | stands
for intervention that, using a very broadly definition, include an exposure, a diagnostic test, a
prognostic factor, a treatment a patients perception, and so forth; C stands for comparison
intervention, exposure, test, etc.; O stands for outcome(s) of interest including a time horizon, if
relevant **.

16



1.3.2 Acquire the best evidence

If we want to use high-quality evidence to make clinical decision, we need to know how to access
evidence. It is a difficult task performing an exhaustive literature search and separate lower from
higher quality studies. However, during the last decades, several resources have been created to
facilitate the access to high-quality research. These resources are defined pre-appraised because
they have undergone a filtering process to include only studies of higher quality, and they are
regularly updated so that the evidence we access through these resources is current **. To simplify

| ¥ composed of

the use of these pre-appraised resources, Haynes proposed a so-called “4S” mode
four layers that, in descending hierarchy order, are: Systems, Synopses, Syntheses, and Studies. This
was successively refined into a “55” model, adding a new layer, namely Summaries, which preceded
Synopses *°. However, in this model Synopses of systematic reviews and Synopses of studies were
considered equivalent even if in the hierarchy of evidence systematic reviews are superior to single
studies. For this reason, in 2009, the layer Synopses was spitted into two other layers: Synopses of

Syntheses and Synopses of Studies, by becoming the “6s” model (Figure 1.3.2). Let’s explore more

in detail this model.

Figure 1.3.2 The “6S” Hierarchy of Organization of Pre-Appraised Evidence.

Syntheses
Synopses of Studies

Studies




First of all, if we use this model to make clinical decisions, we have to begin our research at the
highest possible layer, i.e. from the top of pyramid. For system is meant an evidence-based clinical
information system that integrates and concisely summarizes all relevant and important research
evidence about a clinical problem, that is updated as new research evidence becomes available, and
that automatically links (through an electronic medical record) a specific patient’s circumstances to
the relevant information *°. However, few such systems are currently available, and in this case the
next best step is to look for summaries. These include clinical pathways that integrate evidence-
based information about specific clinical problems and provide regular updating. Clinical Evidence
(www.clinicalevidence.com), Dynamed (www.ebscohost.com/dynamed/default.php), the
Physicians’ Information and Education Resource (PIER) (pier.acponline.org) are some of the
resources available that use explicit review processes to find and appraise evidence about the
management of a wide range of clinical problems %°.

If summaries are not available, then synopses of syntheses are the next best source. A synthesis or
systematic review is a comprehensive summary of all the research evidence related to a focused
clinical question %°. It involves a multistep process in which question(s) is(are) formulated, the
relevant studies identified and appraised for quality, relevant study findings are extracted and
synthesized either quantitatively (in the form of meta-analysis) or non-quantitatively, and
conclusions are drawn. Given that often clinicians do not have the time to review detailed
systematic reviews, a synopsis that summarizes the findings of a high-quality systematic review can
often provide sufficient information to support clinical action?®. ACP Journal Club

(https://acpjc.acponline.org), Evidence Based Medicine (http://ebm.bmj.com), the Database of

Abstracts of Reviews of Effects (DARE; http://www.crd.york.ac.uk/crdweb/) are example of

resources providing synopses.

If more detail is needed or no synopsis is available, then syntheses (i.e. databases of systematic
review) have to be checked **. They are based on thorough searches for evidence to provide data
on effects of healthcare interventions, as the accumulated evidence will allow **. The Cochrane
Collaboration provides the largest single source of synopses, about 30-40% of the world’s supply **.
If the above-mentioned resources are not available or they were not able to answer to a problem,
then synopses of studies are the next level to check. They provide structured abstracts of individual,
high quality studies, that is, studies that not only meet basic critical appraisal criteria, but also are
selected for clinical relevance and interest '*. Finally, if there are no synopses of studies, single

studies are the last level to check *°.
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1.3.3 Appraise the evidence

This is the process of carefully and systematically examining researches to judge its trustworthiness,
and its value and relevance in a particular context. There are at least three dimensions that need to
be evaluated. The first is called Internal validity. Internal validity refers to how well a study is
performed, especially whether it avoids confounding (i.e. bias). The less chance for confounding in
a study, the higher is its internal validity 2*. Tools have been developed to evaluate internal validity

22,2 . . .
'3 The second dimension is the

in different type of studies (RCTs, observational studies, etc.)
clinical relevance, which provides an estimate of the clinical effectiveness. In this dimension are
assessed outcome (surrogates vs. clinical relevant), the precision of its estimate (confidence
interval) and its absolute benefit (number need to treat) 2. The third dimension is the external
validity. External validity refers to the degree to which the results of an empirical investigation can
be generalized to and across individuals, settings, and times **. External validity can be divided into:
population validity and ecological validity. The former refers to the extent to which the results of a
study can be generalized from the specific sample that was studied to a larger group of subjects.
The latter refers to the extent to which the results of an experiment can be generalized from the set
of environmental conditions created by the researcher to other environmental conditions. For
example, factors that can potentially affect external validity of a RCT could be: 1) setting of the trial;

2) selection of patients; 3) characteristics of randomised patients; 4) differences between the trial

protocol and routine practice; 5) outcome measures and follow-up; 6) adverse effects of treatment
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1.3.4 Apply the evidence

Other key components are clinical circumstances and wishes of the patient. It is important to note
that clinical circumstance can include a number of medical problems: comorbidities, concomitant
therapy with several medications, etc. Indeed, the best treatment is not necessarily the one proved
to be the most effective in RCTs but one that fits a particular set of individual circumstances and

aligns with the patients’ preferences and priority *°.
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1.4 EBM in the third millennium

Before EBM, consensus meetings were a common method for determining whether treatments
were useful. Now EBM requires experts to systematically and transparently appraise the evidence
upon which their recommendations are based **. However, EBM is facing new challenges. One of
this is represented by the hidden bias caused by conflict of interest %° In 2006 Heres et al. reviewed
results of head-to-head studies of second-generation antipsychotics funded by pharmaceutical
companies to determine if a relationship existed between the sponsor of the trial and the drug
favoured in the study’s overall outcome ’. It was found that in the 90% of the studies evaluated
sponsored by a pharmaceutical company, the reported overall outcome was in favour of the
sponsor’s drug. This pattern resulted in contradictory conclusions across studies when the findings
of trials of the same drugs, but with different sponsors, were compared *’. One of the
methodological reason why industry-sponsored studies might be more likely to reveal a benefit of
their drug is publication bias, i.e. positive results are more likely to be published than negative

13,2
results®> %

. This problem is also exacerbated by duplicate publications. In 1997 it was conducted a
systematic review and meta-analysis of RCTs investigating ondansetron's effect on postoperative
emesis to quantify the impact of duplicate data on estimates of efficacy 2°. Authors found that 17%
of published full reports of RCTs and 28% of the patient data were duplicated. The Inclusion of

duplicated data in meta-analysis led to a 23% overestimation of ondansetron's antiemetic efficacy

29

Bias related to the entering and analysing of data can be another methodological reason why
industry-sponsored studies could be more likely to reveal a benefit of their drugs **. In a study
performed in 1996 the reports of 196 trials comparing new NSAIDs with established NSAIDs were
analysed, finding that the new drugs were five times more likely to appear more effective than the
established one *°. Where possible, the Author reanalysed the data and found that the choice of
dose, multiple comparisons, wrong calculation, subgroup and within-groups analyses, wrong
sampling units, change in measurement scale before analysis, baseline difference, and selective
reporting of significant results were some of the verified or possible causes for the large proportion
of results that favoured the new drugs®.

Improving health outcomes do not include only EBM. Economy and social factors seems indeed to
play an important role *. Furthermore, in parallel with the development of EBM, the Quality
Improvement (Ql)*" 32 developed to address similar problems, but with a focus on recurrent

problems within systems of care. EBM and QI have similar aims but focus on different parts of the
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problem. EBM focuses in particularly on doing the right things, i.e. actions informed by the best
available evidence, whereas Ql focuses more on doing things right, i.e. being sure that the proposed
actions are done thoroughly, efficiently and reliably. Indeed, EBM and QI can be viewed as

complementary helping to how to do the right things right **3*.
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2 Systematic Review and Meta-Analysis

2.1 Decision in Health Care

Early last century, physicians had small range of possible diagnoses, few simple tests,
and very few treatments (most ineffective) to choose from . The first edition of Merck
Manual (1899)% had just 192 pages. In the 1999, the centennial edition of the manual
was made up of 2833 page °, due to the incredible progress made in the field of
pathophysiology, diagnosis, and therapy. In some case, new treatments have almost
eliminated some diseases (e.g. smallpox), while in other have significantly improved the
outcome. However, many treatments could be defined “half-way technologies®, that is
treatments that improve but not cure a condition (e.g. several oncological therapies).

Consequently, health-care decisions have become very complex

Indeed, decisions in health care are particularly awkward *, as they involve a complex
web of input and uncertainties. It is necessary to draw information from many sources:
primary data, preference of patients, clinical experiences, personal opinions, medical
and legal rules, scientific evidence. Furthermore, this mix of inputs can vary depending
from the type of clinical issue, the available data in that particular period, and the
decision makers. Nevertheless, the weight of the scientific evidence has become
increasingly important . Unfortunately, the number of the evidence is also increasing
dramatically. For example, as shown in Figure 2.1.1, the number of RCTs increased from
about 40 in the 1930s to nearly 200,000 in 2015. This makes scientific updating
extremely difficult. Indeed, doctors, nurses, managers need to remain updated about
multiple topics. Scientific publications on the effectiveness of a treatment, if taken
individually or in small groups randomly selected, can present confusing results and, in
some cases, even contradictory. Therefore, to establish the efficacy, the safety, and the
utility of a health-intervention is necessary to perform a review of the literature to get
an update and overall assessment (even if not final) of the health-intervention

evaluated.



Figure 2.1.1 Numbers of RCTs published in PubMed from 1840 since November 2016.
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2.2 History of Reviews in Science

Efforts to produce reviews of researches are not new. More than 3 centuries ago, two
English-language journals - namely Weekly Memorials and Medicina Curiosa, both
established in 1684 - contained abstracts of articles and/or books published elsewhere
® 7 Between 1752 and 1798, a periodical called Commentarii de Rebus in Scientia
Naturali et Medicina Gestis was published in German. It consisted of abstracts from
scientific and medical books . This periodical became a model for the first journal of
abstracts of books published in English in 1773 in Edinburgh, called Medical and
Philosophical Commentaries °. This journal published critical appraisals of important
new books in medicine, including, for example, William Withering’s now classic Account
of the foxglove '° on the use of digitalis for treating heart diseases'’. Coming to the last
century, social sciences, and in particular psychology and educational research,
developed an early interest in the synthesis of research findings. 80 experiments

assessing the potency of moral instruction in modifying conduct were reviewed in 1933
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12 1n 1972, Archie Cochrane, a British epidemiologist, drew attention to the fact that
there were no ready access to reliable reviews of the available evidence for who wanted
to make informed decisions about health care 2. Since 1974, he began to systematically
identify and assembly in a trial register all controlled studies in perinatal medicine. By
1985, the register contained more than 3500 reports, allowing the preparation of almost
600 systematic reviews in the late 1980s. One year before his death (1987), Cochrane
considered the collection of systematic reviews of RCTs of care during pregnancy and
childbirth “a real milestone in the history of RCTs and in the evaluation of care”*. He
also advised that other specialties should follow that example '*. Some years after his
death, the Cochrane Collaboration was founded with the goal to improve the quality of
decisions in health care by “preparing, maintaining, and promoting the accessibility of

systematic reviews of the effects of health care interventions”">.

2.3 Narrative Reviews

Reviews can be classified as narrative or systematic. Both must be considered as
retrospective observational studies and therefore subject to systematic and random
errors *°. The quality of a review, and consequently its usefulness, depends on the extent
to which scientific methods are used to minimize errors and bias. This is the most
important feature distinguishing narrative reviews from systematic reviews *’.

As shown in Table 2.3.1, most of the narrative reviews has to do with a wide range of
aspects relating to a certain topic, rather than address a particular issue in detail®®.
Moreover, the sources used to perform searches often are not specified, the search
strategies (if used) are not always reported, and evaluation of the studies could not
follow strict rules, resulting in a significant subjectivity in the outcome of the review.
Narrative reviews are therefore often used to have a broad perspective on a given topic
(e.g. narrative review on Crohn's disease can include sections on epidemiology,
pathophysiology, diagnosis, etc.), or to describe innovative developments concerning

fields where research is small, and characterized by few preliminary results coming from
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studies with many limitations. Nevertheless, they are almost never useful in providing

. .. . 1
answers to specific clinical questions *°.

Table 2.3.1 Difference between narrative reviews and systematic reviews (modified from Cook

et al.’®).

Features

Questions

Narrative Review

Can be broad in the aims

Systematic Review

Usually focused on
specific clinical questions

Sources and Search

Can be not specified
and therefore potentially
biased

Have to be comprehensive
explicated and the search
strategies clearly reported

Usually not specified

Criteria have to be explicated
before to begin the study

Selecti d theref tentiall
election an ere 9re L and have to be uniformly
biased .
applied
Criteria have to be explicated
. . before to begin the study
A I Variabl
ppraisa ariabie and have to be uniformly
applied
o Qualitative and, where
. Can have qualitative .
Synthesis . appropriate,
summaries o .
guantitative synthesis
Inferences Sometime evidence-based Usually evidence-based

2.4 Systematic Reviews

Unlike the narrative reviews, systematic reviews are to be considered real research
projects, that, to minimize the risks of distortions, use at each stage of the production
process, a rigorous scientific methodology *°. Indeed, guidelines have been specifically
developed to help the authors to follow the best standardized methodology %°. For these

reasons, systematic review can address several important questions, as shown in Table
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2.4.1. In Table 2.4.2 are summarized the steps that have to be accomplished to perform

. - 17
a systematic review .

Table 2.4.1 Advantages of systematic review.

Summarize the evidence of published (and where possible unpublished) literature
Explain, if possible, discrepancies between evidence

Establish a dose-response relationship (if present)

Define the benefit-risk ratio of a health intervention

Evaluate the usefulness of diagnostic tests

Suggest or improve research hypotheses

Avoid unnecessary investigations

Support health decision makers in their choices

Table 2.4.2 Steps necessary to perform a systematic review.

Formulate a clear and precise question(s)

Define inclusion and exclusion criteria

Develop a search strategy

Establish the sources to use

Select studies

Assess study quality

Extract data

Analyze the data

If plausible from a methodological and clinical perspective, pool data
Place the results in the clinical context and compare them with the published literatures
Discuss the strengths and weaknesses of the systematic review

Firstly, it must be defined the question to which the review should answer: the
usefulness of a treatment, the accuracy of a diagnostic test, the safety of a drug, etc.
Then, inclusion and exclusion criteria should be defined. It was believed that systematic
reviews should include only RCTs. However, this is not true. Systematic reviews can also
include observational studies, especially when the evidence is scarce 2. It is then
important to established which sources (databases) to consult. In addition to
conventional literature, whenever it is possible, the so-called grey literature - e.g.

abstracts form scientific meeting - should be researched . it was shown that trials
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published conventionally tend to be larger and to show greater effect when compared
with studies of grey literature *2. Search strategy is also a key element of a systematic
review. This should ideally be able to identify all the relevant studies. For relevant
studies (or items), it usually meant the number of records present in the searched
database(s) and that should all be retrieved. Search strategies are characterized by two
elements: precision and specificity. Sensitivity is the ratio of the number of relevant
records retrieved to the total number of relevant records in the database. Precision is
the ratio of the number of relevant records retrieved to the total number of irrelevant
and relevant records retrieved. Both are usually expressed as a percentage.? It is
necessary to find a balance between sensitivity and precision: this task is not easy as
search strategies vary with the purpose of systematic reviews. Once the studies have
been identified, it is necessary to evaluate them separately to determine their eligibility
based on pre-determined criteria for inclusion. The assessment of the quality of the
studies is another critical issue. There are several systems of evaluations depending on
the type of study. For example, at least 25 items were described for RCTs**, although it
is currently recommended the one proposed by the Cochrane Collaboration. It consists
of six domains, and for each Authors must report whether there is a high, low or unclear
risk of bias %°. Afterwards, the results of the review need to be placed in the clinical
context and discussed critically. Finally, it is important to emphasize the strengths as
well as the potential weaknesses of the review, to give the reader an assessment as

objective as possible of the evaluated health intervention.

2.5 Meta-analysis

The term meta-analysis was probably coined by the psychologist Glass in a paper
entitled Primary, secondary and meta-analysis of research *® A systematic review may
or may not include a meta-analysis. A meta-analysis is a statistical analysis of the results

of a systematic review, which aims to produce an estimate of health intervention
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evaluated *’. The distinction between a systematic review and meta-analysis is
important because if it is always appropriate and desirable systematically review a set
of data, in many cases can be inappropriate or even misleading to aggregate the data
statistically. For example, in a recent systematic review of the literature about the
usefulness of 5-ASA in diverticular disease, it was decided to not perform a meta-
analysis as it was considered to be inappropriate ?’. The appropriateness of the
execution of a meta-analysis is an even more delicate if it is considered that systematic
review and meta-analysis are at the top of the pyramid of evidence *®. The number of
meta-analyses published in PudMed has soared since the period 1966-1990 (Figure
2.5.1), and it is widely believed that the authors of systematic reviews often find difficult
to resist the temptation to meta-analyse even when this is questionable or clearly

inappropﬁatelz

Figure 2.5.1 Number of meta-analysis published in PubMed from inception since November
2016.

16000

14000

12000

10000

8000

6000

4000

Number of Publications

2000

1966 |
1977 |
1979
1980 |
1981 |
1982 |
1983 |
1984 |
1985 |
1986 |
1987
1988 |
1989 &
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016

Years

30



References

1. Hunink MGM. Decision making in health and medicine : integrating evidence and values. Cambridge ;
New York: Cambridge University Press; 2001.

2. VV.AA. Merck's 1899 Manual of the Materia Medica. A ready-reference Pocket book for the Practicing
Physican. Published by Merck & Co., New York (1899).

3. The Merck manual of diagnosis and therapy. Beers MH, Berkow R, Bogin RM, et al. [insert producer],
producer. 17th ed. Merck,; 1999.

4. Damasio AR. Descartes' error : emotion, reason, and the human brain. New York: Putnam; 1994.

5. Mulrow CD, Cook DJ, Davidoff F. Systematic reviews: critical links in the great chain of evidence. Ann
Intern Med. 1997; 126: 389-91.

6. Poynter FNL. Nova et Vetera. BMJ. 1948; 2: 307-08.
7. Colman E. The first English medical journal: Medicina Curiosa. Lancet. 1999; 354: 324-6.

8. Trohler U. To Improve the Evidence of Medicine: The 18th Century British Origins of an Approach.
Edinburgh: Royal College of Physicians; 2000.

9. A Society in Edinburgh. Medical and philosophical Commentaries Volume
First, Part I. London: ) Murray; 1773.

10. Withering W. An account of the foxglove. Birmingham Eng.: Printed by M. Swinney for G. G. J. and J.
Robinson, London; 1785.

11. Medical Commentaries. Volume Tenth. Edinburgh: G. Mundie; 1786: 146.

12. Peters CC. Summary of the Penn State Experiments on the Influence of Instruction in Character
Education. The Journal of Educational Sociology. 1933; 7: 269-72.

13. Cochrane AL. Effectiveness and efficiency. Random reflection on health service. London: Nuffield
Provincial Hospitals Trust, 1972.

14. Cochrane AL. Foreword. In: Chalmers I, Enkin M, Keirse MIJNC, eds. Effective care in pregancy and
childbirth. Oxford: oxford University Press, 1989.

15. Levin A. The Cochrane Collaboration. Ann Intern Med. 2001; 135: 309-12.

16. Cook DJ, Mulrow CD, Haynes RB. Systematic reviews: synthesis of best evidence for clinical decisions.
Ann Intern Med. 1997; 126: 376-80.

17. Egger M, Smith GD, O'Rourke K. Introduction: Rationale, Potentials, and Promise of Systematic
Reviews. In: Systematic Reviews in Health Care: BMJ Publishing Group; 2008. p. 1-19.

18. Mulrow CD. The medical review article: state of the science. Ann Intern Med. 1987; 106: 485-8.

19. Mulrow CD. Rationale for systematic reviews. BMJ. 1994; 309: 597-9.

31



20. Liberati A, Altman DG, Tetzlaff J, et al. The PRISMA statement for reporting systematic reviews and
meta-analyses of studies that evaluate healthcare interventions: explanation and elaboration. BMJ. 2009;
339: b2700.

21. Egger M, Smith GD, Schneider M. Systematic Reviews of Observational Studies. In: Systematic Reviews
in Health Care: BMJ Publishing Group; 2008. p. 211-27.

22. Mahood Q, Van Eerd D, Irvin E. Searching for grey literature for systematic reviews: challenges and
benefits. Res Synth Methods. 2014; 5: 221-34.

23. Higgins JPT, Green S (editors). Cochrane Handbook for Systematic Reviews of Interventions Version
5.1.0 [updated March 2011]. The Cochrane Collaboration, 2011. Available from

http://www.handbook.cochrane.org/.

24. Moher D, Jadad AR, Nichol G, et al. Assessing the quality of randomized controlled trials: an annotated
bibliography of scales and checklists. Control Clin Trials. 1995; 16: 62-73.

25. Higgins JPT, Green S, (editors). Cochrane handbook for systematic reviews of interventions Version
5.1.0 [updated March 2011]. The Cochrane Collaboration, 2011. Available from

http://www.cochrane-handbook.org/. in.
26. Glass GV. Primary, secondary and meta-analysis of research. Educat Res 1976; 5: 3-8.

27. Gatta L, Vakil N, Vaira D, et al. Efficacy of 5-ASA in the treatment of colonic diverticular disease. J Clin
Gastroenterol. 2010; 44: 113-9.

28. Guyatt GH, Oxman AD, Vist GE, et al. GRADE: an emerging consensus on rating quality of evidence and
strength of recommendations. BMJ. 2008; 336: 924-6.

32



3 Systematic Review and Meta-analysis for Evaluating Drug Safety: a difficult

challenge

3.1 The absence of evidence is not the evidence of absence

In order to make appropriate decisions in health-care, accurate knowledge of benefit
and harm of a health intervention is essential. RCTs - when well designed, conducted
and reported - produce usually high quality information about the efficacy of a health
intervention. In judging the effect of a treatment there are two type of errors: type / and
type Il 2. The type | error occurs when the study mistakenly found an effect that actually
is not present. On the contrary, type Il error occurs when the true effect of an
intervention is missed. RCT assessing the efficacy of an intervention are based on a
sample size calculated to reduce as much as possible the type I error (usually <5%) and,
if adequately powered, reduce also the type Il error . However, this type of error is a
key issue when assessing potential harm of an intervention. Most of the RCTs are
powered for significant benefit and not for significant harm, which make the type Il error
for harm much more likely. Indeed, several RCTs often conclude that the intervention is
“effective and safe” but in most case this is a biased sense of security because of a very

high type Il error>.

3.2 Definitions

Drug-related harm can be classified in several ways *”. For the sake of homogeneity, it

was decided to adopt the definition recently reported by the British Medical Journal®:

- adverse event: an unfavourable outcome that occurs during or after the use of a
drug or other intervention but is not necessarily caused by it;

- adverse effect: an unfavourable outcome that occurs during or after the use of a
drug or other intervention and the causal relation between the intervention and

the event is at least a reasonable possibility;
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- complication: an adverse event or effect following surgical and other invasive
intervention;

- harm: the totality of possible adverse consequences (if single or multiple) of an
intervention or therapy; harms are the direct opposite of benefits;

- safety: substantive evidence of an absence of harm; the term is often misused
when there is simply absence of evidence of harm;

- side effect: any unintended effect, adverse or beneficial, of a drug that occurs at
doses normally used for treatment;

- toxicity: drug related harm; the term may be most appropriate for laboratory
determined measurements, although it is also used in relation to clinical events;
the disadvantage of the term “toxicity” is that it implies causality; if Authors
cannot prove causality, the terms “abnormal laboratory measurements” or

“laboratory abnormalities” are more appropriate.

3.3 Caveats of RCTs to evaluate drug-related harm

RCTs have several caveats affecting the assessment of adverse events (AEs) of which it
isimportant to be aware as meta-analyses of RCTs concerning AEs will, most of the time,
embrace them. Randomization should try to produce adequate comparability across
the groups as every subject is as likely as any other to be assigned to the treatment (or
control) group. However, RCTs are characterize by rates of discontinuation variable® *°
that make analysis of drug-related harm particularly complicate, especially in studies
with a long-term follow-up. Blinding is another aspect that characterizes RCTs.
Nevertheless, AEs can unmask the treatment assigned in particular if the comparator is
a placebo™. Patients enrolled in RCTs are selected and do not usually reflect the real
population. Therefore, individual that could be at higher risk of developing particular
AEs might be missing or not adequately represented by a numerical point of view **. As
RCTs are mainly performed to assess the efficacy of a health intervention, they are not

powered to evaluate its safety. For this reason, often systematic and planned method

of AEs collection are not performed. On the other hand, it should also not be forgotten
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that in several case AEs are unpredictable, making an a priori establishment of tools to
detect these events challenging®?. RCTs may not report all AEs, being silent on some of
them considered trivial by Authors 3. As a consequence, information about a relatively
increase in modest, but potentially clinically relevant AEs could not be detected*. RCTs
can also lack of data on the frequency, severity, or timing of AEs in relation to drug
exposure, determining additional problems to characterize the safety profile *°. AEs are
often collected during study’s visits and this could determine a patient's inability to
remember timing of AE occurrence. However, even when information of timing of AEs
is available, there should be caution in the interpretation of data. For example, it could
happen that there is an initial increase in AEs followed by a decreasing. This may be
interpreted as a lower risk of AEs in the long term. However, the reduction of AEs over
time could simply reflect the reduction of the number of patients available in the cohort
followed-up (a phenomenon more pronounced in studies with long follow-up). This
problem become more critical when the outcome assessed is rare *°. Finally, the lack of
adherence to assigned treatment may bias AE assessment, the extent and the direction
depending on the association between drug adherence and occurrence of the AEs™. In
some cases, it could happen that patients failing to adhere to the allocated treatment
could be sicker due to their comorbidities, putting them at higher risk for development
of AEs. On the other hand, lack of adherence could just represent a poor tolerance to
the assigned treatment and therefore a higher susceptibility to AEs. Finally, if the lack of
adherence related to all group of a trial, this could mask the association between the

study drug and related AEs.

3.4 Systematic Reviews and Meta-analyses of Adverse Events

In principle, the steps to follow to perform a systematic review (and if appropriate a
meta-analysis) of adverse effect are similar to those used (and previously described) for

systematic review and meta-analysis of beneficial effects. However, some of those steps
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can be different. One of these has to do with the type of AEs to be included. The
selection of adverse outcome(s) to include in a review is not a simple choice. Some AEs
associated with a health intervention may be well known whilst others will not. In
general, there may be two strategies”: a narrow and a broad focus. The former evaluates
only few (often the most serious) AEs. The pros are an easier approach, and more likely
to obtain significant results that could significantly impact the health practice. The major
con is that this strategy can be adopted only for AEs known in advance. The latter
approach ca be used to assess multiple AEs, whether known or previously unrecognized.
The pros of this method are wider coverage, and discovery of new AEs never that were
known. The major con is that this approach is very resource-consuming (time, personnel,
money, etc.), with the risk of get few useful information. Clearly, the approach has to be

tailored, as much as possible, according to the specific aim of the review.

The type of studies to include in systematic review of AEs is an aspect around which
there is a debate. Both randomized as well as observational studies can provide
important data, but each design has its strengths and its limitations, as synthetized in
Table 3.4.1'%. Well-designed and performed RCTs yield unbiased estimates of the health
intervention evaluated. However, the majority of RCTs are performed (and therefore
powered) to detect a certain pre-specified difference between two potential beneficial
health intervention. On the contrary they are not powered to detect AEs, determining a
very high risk of type Il error. Furthermore, quality of reporting AEs, reporting
significantly influenced by expectations of investigators and patients, not long follow-
up, and limitation to external validity (e.g. drug interaction) of the results can all biases

12, 17-19

the assessment of the AEs . Given these limitations, data coming from

observational studies can be of value. Being no randomization, these types of studies

can be affected by an increased risk of bias (particularly from confounding) * %

However,
in several cases observation studies can be the only sources of data.? Furthermore, there
is a debate to clarify if controlling for confounding by indication for unanticipated AEs

really useful. Indeed, it has been argued that confounding is less likely to occur when
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outcomes are unintended or unanticipated than when outcomes are an intended effect

of the exposure.

Table 3.4.1 Pros and Cons of different design of studies to assess adverse effects of healthcare

interventions (modified by

Type of Study

Spontaneous reporting

12).

Pros

Detect a wide range of
events

Cons
Absence of denominator or
control group, making
difficult to quantify the risk

Useful for recognize signals
of rare (low background
incidence in treated
population) and/or
unexpected events (e.g., new
not recognized pathologies)

Data (e.g. format and type)
differs substantially among
regulators

Statistical techniques have
been implemented for signal
detection

Clinical features may be
partial, causality not clear

Selective reporting or under-
reporting of cases

RCTs

Randomization reduces
possibility of confounding at
baseline

The recruitment criteria can
determine the exclusion of
patients who are at risk of
developing AEs

For known AEs it can be
possible to prospectively
arrange a specified
monitoring

Intervention is usually well
specified

Most of the time not
powered for detection of
significant difference
between groups for AEs

Non-randomized studies

Data coming from patients
much more much more
similar to those seen in
clinical practice and with
longer follow-up

Monitoring for rare or
unexpected events could be
less rigorous, and the length
of follow-up could be no
sufficient to identify
problems

Case control designs could
have as primary outcomes
rare events

Design of study susceptible
to confounding

Could evaluate dose and
duration and/or dose
relationship as well
susceptibility factors of
patients

Exposures to drugs often
based on computerized
records rather than
dispensing or actual use
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This is because the potential for AEs are not usually associated with the reasons for
choosing a particular treatment, and therefore could not influence the prescribing
decision "%,

According to the Cochrane Adverse Effects Methods Group, three strategies can be used
to address AEs”. The first strategy is based on assessing the benefits and risks of a health
intervention using the same methodology, and applying the same inclusion and
exclusion criteria. The second strategy is to use different eligibility criteria for selecting
studies that address AEs compared with studies assessing beneficial effects. The third
strategy is to perform a separate review of adverse effects alone. Each strategy can have
its advantages and disadvantages and therefore need to be customized according to the
specific aim of the review.

Until a short time ago, it was unknown if different study designs could provide consistent
findings about AEs or if the outcomes were so different that it would be no appropriate
to combine them in a single review. A meta-analysis of meta-analyses®® aimed to assess
this question and, as shown in Figure 3.4.2, found that the estimates of harm from meta-
analyses of the different study designs had 95% confidence intervals that overlapped in

a high percentage (93%).
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Figure 3.4.2 Agreement, disagreement and overlap of confidence intervals between meta-
analysis for harms of RCTs vs. observational studies.

Total for any agreement = Total for any disagreement = Cls Overlapped
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In the 64% of cases the results agreed (both studies showing a significant increase or
significant decrease or both showing no significant difference) and there was less
discrepancy between the study designs in meta-analyses that generated more precise
estimates (i.e. had larger population included), either because of better quality, or
because the populations were more similar (perhaps because large, long-term RCTs
capture a broad population similar to observational studies)®®. Another critical issue is
represented by the unpublished studies. Unpublished studies mean®* data that could be
located through any other source (e.g. websites, trial registries, industry contact, or
personal contact) and including “grey literature,” defined as print or electronic
information not controlled by commercial or academic publishers (e.g. government

reports, working papers, press releases, theses, and conference proceedings, etc.). As
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shown in Figure 3.4.3, a recent systematic review* found that he median percentage of
published documents with adverse events information in matched studies (i.e. different
version of the same study) were 46% and 95% for published and unpublished studies,

respectively.

Figure 3.4.3 Difference between published and unpublished studies in reporting harms.
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There was a similar pattern in unmatched studies (i.e. separate set of studies in the same
topic area), for which 43% of published studies contained adverse events information
compared to 83% of unpublished studies®*. The Authors therefore stressed the concept
that “it will not be possible to develop a complete understanding of the harms of an
intervention unless urgent steps are taken to facilitate access to unpublished data”.

If a meta-analysis is performed, caution should be made concerning the choice of
statistical method to pool data. Generally, it is advised to use relative scale as absolute

risk model are unpowered and result in type Il error’’. In the context of AEs,
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heterogeneity is important but of lesser concern if the analysis is dealing to see if there
are rare but serious adverse events. The Peto odds ratio provides the best confidence
interval coverage, and is more powerful and relatively less biased than random effects

12,2 . . .
*% To account for potential imbalance in

analysis when dealing with low event rates
trial size and in the number of studies with zero events, sensitivity analyses can be
conducted using the fixed Mantel-Haenszel test?®. Data coming from industry-
sponsored trials can be subjected to reporting bias 2’. For this reason, obtaining data
form impendent sources is important as sponsor may omit safety information from

published trials?.

3.5 PRISMA Guidelines

The PRISMA guideline to perform and report systematic review of adverse event has
recently been published ® Authors developed a checklist of 27 items (showed in Table
3.5.1) that should ensure a more homogeneous methodology in performing systematic
reviews and meta-analysis in this field. The hope is also that this checklist can influence,

indirectly, the quality of future studies dealing with the assessment of AEs.
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Table 3.5.1 PRISMA Harms checklist items.

PRISMA Harms checklist items

1) Title

2) Abstract

3) Introduction

4) Objective

5) Protocol and registration

6) Eligibility criteria

7) Information sources

8) Search

9) Study selection

10) Data collection process

11) Data items

12) Risk of bias in individual studies

13) Summary measures

14) Synthesis of results

15) Risk of bias across studies

16) Additional analyses

17) Study selection

18) Study characteristics

19) Risk of bias within studies

20) Results of individual studies

21) Synthesis of results

22) Risk of bias across studies

23) Additional analysis

24) Summary of evidence

25) Limitations

26) Conclusions

27) Funding
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4 Is Rifaximin Effective for the Treatment of Small Intestine Bacterial Overgrowth? A

Systematic Review and Meta-Analysis

4.1 Introduction

Small intestinal bacterial overgrowth (SIBO) is a heterogeneous syndrome characterised
by an increased number and/or abnormal type of bacteria in the small bowel, and it is a

. . . . 1,2
well-recognized cause of maldigestion and malabsorption ™ *.

The recent discovery of an association between SIBO and functional gut symptoms,
albeit controversial, has renewed interest in this mimicry. SIBO represents indeed an
umbrella term, under which some different functional (e.g. irritable bowel syndrome,
chronic constipation, diarrhoea) or organic (e.g. inflammatory bowel disease, coeliac
disease, diverticular disease, etc.) conditions can be included, as - in each of them -
bacterial proliferation (and consequent inflammation) may, at least in part, trigger
similar abdominal symptoms ™.

The overall, true prevalence of SIBO - which is usually under-diagnosed - is unknown
3. Indeed, patients may not seek healthcare and SIBO may not be properly diagnosed by
medical investigations. In addition, the diagnostic yield depends on the methodology
adopted, so that results from different studies are difficult to compare *°.

The mainstay of the SIBO treatment is based on the use of antimicrobial agents, whose
aims should not be to eradicate the entire bacterial flora but rather to modify the
intestinal microecology in order to get symptoms relief *. Ideally, the choice of
antimicrobials should reflect in vitro susceptibility testing, but this is usually impractical
because intestinal bacterial cultures need invasive methodology to collect samples
under sterile conditions °. Therefore, hydrogen breath test (HBT) is widely used as non-
invasive means to diagnose SIBO. As consequence, in clinical practice antibiotic
treatment, which should cover both aerobic and anaerobic bacteria, remains primarily
empiric ~e,

Several antibiotic regimens proved to be effective over the past 50 years, with treatment
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success ranging from 27% to 100% . Till the end of 90’, only systemic antimicrobials
were used, whose adverse events and detrimental effects on gut microbiota are today
well known . Poorly absorbed antibiotics, unlike systemic ones, allow localized targeting
of enteric pathogens and are associated with minimal risk of systemic toxicity or adverse
events (AEs). The restricted use of drugs only for enteric-infections should also reduce
the development of widespread resistance, especially of enterobacteria, a major
limitation of current antibiotics 2.

Rifaximin is a product of synthesis experiments designed to modify the parent
compound, rifamycin, in order to achieve low gastrointestinal absorption while retaining

11 Both experimental and clinical pharmacology have clearly

good antibacterial activity
shown that this compound is a poorly absorbed antibiotic with a broad spectrum of
antibacterial activity, covering Gram-positive and Gram-negative microorganism, both
aerobes and anaerobes '3,

Rifaximin fulfils all the characteristics set by DuPont and Ericsson ** for the ideal
antimicrobial that should be used for the treatment of gastrointestinal infections
(including dysbiosis and SIBO). As a consequence, over the past decades, rifaximin has
been largely used to treat SIBO “’ even if there is currently a lack of a critical summary
of evidence. To bridge this gap, a systematic review and meta-analysis of randomized

and non-randomized studies was performed to evaluate the clinical effectiveness of and

safety rifaximin to eradicate SIBO in adult patients.
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4.2 Methods

4.2.1 Search strategy and study selection

This meta-analysis was developed according to the PRISMA ** and to the MOOSE *
statement guidelines. A search of the medical literature was conducted using MEDLINE,
EMBASE, the Cochrane Central Register of Controlled Trials, Scopus and Web of Science
from inception to March the 16th 2015. Detailed eligibility criteria for study inclusion
are provided in Table 4.2.1. The search strategy had two sets of terms joined together
with the “AND” operator. The first included the condition of interest: small intestine,
intestinal diseases, bacteria, bacterial infections, blind loop syndrome, breath tests,
glucose, lactulose, xylose, sucrose, irritable bowel syndrome (both as Medical Subject
Heading terms and free text term), and small bowel bacterial overgrowth, small intestine
bacterial overgrowth, SIBO, small bowel, small intestine, malabsorption, syndromes, IBS,
functional diseases, hydrogen breath test, glucose breath test, lactulose breath test,
xylose test, sucrose breath test, jejunal aspirate (as free text term). The second included
the treatment evaluated: rifaximin (as subject heading and free text term in Embase and
as free text term in the other databases). A search of the abstract books from the
Digestive Disease Week (2000-2014), American College of Gastroenterology (2004-
2014), United European Gastroenterology Week (2000 — 2014), British Society of
Gastroenterology (2001-2014), and Asian Pacific Digestive Week (2003 —2014), was also
performed. Bibliographies of all identified relevant studies were used to perform a
recursive search. There were no language restrictions. Abstracts of the papers identified
by the initial search were evaluated independently and in a blinded manner by the two
authors for appropriateness. The primary outcome was to assess the efficacy of

rifaximin to eradicate SIBO, and the secondary outcome was to evaluate its safety.
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Table 4.2.1 Inclusion Criteria.

Inclusion Criteria

RCTs and observational studies using rifaximin to eradicate SIBO

Patients aged > 18 years

Test to diagnose SIBO reported

Criteria to consider a test positive for SIBO reported

Follow-up performed to assess eradication

Rifaximin regimens reported*

Studies not including patients with neoplastic diseases

*, studies using cyclic treatment of rifaximin or reporting more than one dosage of rifaximin tested but
not indicating the number of patients treated with each dosage were not included.

4.2.2 Data Extraction

The 2 reviewers independently extracted data concerning the efficacy and the safety of
rifaximin using pre-designed data extraction forms, as dichotomous data. In addition,
the following clinical data were extracted for each trial: rifaximin regimen (dose and
duration), type of study (randomized controlled trial (RCT), cohort studies, etc.), type of
test used to diagnose and follow-up SIBO, sample size, time between end of treatment
and eradication assessment (follow-up), country where the study was carried out,
concomitantly use of fibre, mesalazine, pre or probiotics, AEs, whether the study was
performed in a gastrointestinal (Gl) setting, and if presence of irritable bowel syndrome
(IBS) was specifically assessed. Finally, the studies reporting lower Gl symptom
assessment before and after treatment with rifaximin were identified and evaluated.
Any disagreement was resolved by discussion between the two Authors. Distinction
between cohort and case series was made according to the definition provided by

» 17 Risk of bias for RCTs was assessed as described in the

Dekkers and co-workers
Cochrane handbook 2. The Newcastle-Ottawa scale (NOS, possible highest score: 9)
was used to assess the quality of case-control studies if included *°. Cohort studies and
case series were evaluated using the 20-items quality appraisal checklist developed by

the Institute of Health Economics (IHE, Canada) %°.
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4.2.3 Data Synthesis and Statistical Analysis

Data for primary and secondary outcomes were pooled from all kinds of studies using a
random effects model as there is generally no reason to assume that trials included in
the analysis are identical in the sense that the true effect size is exactly the same in all

the studies > %

. In case of cross-over studies, data from first and second period were
combined, if possible. Intention to treat analysis (ITT) was adopted where possible. To
obtain an estimate of the maximum potential benefits, a per protocol analysis was also
performed 2. Where possible, data from RCTs were pooled using a random effects
model %, results expressed as relative risk (RR) for success of SIBO eradication, and
number need to treat (NNT) calculated as described in the Cochrane handbook .
Heterogeneity between trials was assessed by xz test for heterogeneity, and I* statistic
with 95% Cls was also calculated ». Its value ranges from 0% to 100 %, with 0%
representing no observed heterogeneity, and larger values indicating increasing
heterogeneity. A value below 25 % was chosen to represent low levels of heterogeneity
2> When the degree of statistical heterogeneity was greater than this cut-off, for both
primary and secondary outcomes, possible explanations were investigated with meta-
regression and sub-group analysis using the residual maximum likelihood with random
effects weighting and the Knapp and Hartung t-distribution °. Prior to analysis, adjusted
proportions were calculated using a logit transformation ?’. For the primary outcome,
only studies where intention to treat analysis was possible were considered, and the
covariates used in meta-regression and sub-group analysis were: a) duration of
treatment; b) dosage of rifaximin; c) type of study (dichotomised as RCT or no-RCT); d)
type of test used to diagnose and follow-up SIBO; e) sample size of the study
(dichotomised as 2 50 patients vs. < 50 patients; f) time between end of treatment and
eradication assessment categorised as: within 7 days after the end of treatment; within
2-4 weeks after the end of treatment; and > 4 weeks after the end of treatment; g)
country where the study was performed (dichotomised as Italy vs. not Italy since most
studies were performed in this Country); h) concomitantly use of fibre, mesalazine, pre

or probiotics (dichotomised as not concomitant use vs. concomitant use). For the
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secondary outcome, covariates used in meta-regression and sub-group analysis were a)
duration of treatment; b) dosage of rifaximin; c) type of the study; d) sample size of the
study; e) country where the study was performed; f) concomitantly use of fibre,
mesalazine, pre or probiotics. We also performed a sub-group analysis to evaluate the
eradication rate in patients with IBS and in patients enrolled in extra-gastrointestinal
settings (e.g. patients with diabetes, rosacea, etc.). Studies reporting lower Gl symptom
assessment before and after treatment with rifaximin were evaluated in order to
identify those showing symptoms relief after therapy from those which did not.
StatsDirect v. 3.0.165 (StatsDirect, Ltd. England) and Stata (StataCorp, 2013, Stata
Statistical Software: Release 13.1 College Station, TX: StataCorp LP) were used to
generate Forest plots for primary and secondary outcomes with 95% Cls, as well as
Funnel plots. The latter were assessed for evidence of asymmetry and possible
publication bias or other small study effects using the Egger’s linear regression . Stata
and Comprehensive Meta-Analysis v. 3.3.070 (Biostat, Inc., Englewood, NJ) were used

to perform meta-regression analyses.
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4.3 Results

The search strategy employed identified 292 citations, 227 of which were excluded after
examining title and abstract. There was a total of 65 studies that were retrieved and

evaluated in more detail. Of these, 33 were excluded for various reasons, leaving 32

29-60 36, 54

studies (2 of which were abstracts ) that were eligible for inclusion involving

1331 patients as shown in Figure 4.3.1. 24 studies were cohort studies 2% 3% 3% 35:37,3943,

45, 46,49, 50,5260 "7 randomized controlled trials (RCTs) 3% 3% 3% 44 474851 "Einally, 1 study
was a randomized cross-over study *%: since all patients received rifaximin (before or
after placebo), they were all included in the proportion meta-analysis for pooled
eradication rates and pooled adverse events rate. In 2 studies rifaximin was used in

30, 35

patients under mesalazine therapy , in other 2 studies rifaximin was given to

38, 51

patients taking also fibres , and in 1 study it was employed in association with

probiotics *’.

Figure 4.3.1 PRISMA Flow Diagram of the Systematic Review.

Studies identified in literature
(n =292)

Excluded
(title and/or abstract revealed as not appropriate)
(n=227)

Studies retrieved for evaluation
(n =65)

Excluded (n = 33) because:

- retreatment and/or recurrence = 8

- data extraction not possible = 9

- eradication rate not reported =7

- follow-up breath test(s) not reported = 9

Eligible Studies
(n=32)
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The glucose hydrogen breath test (GHBT) and the lactulose hydrogen breath test (LHBT)
were used to diagnose and follow-up SIBO in 17 (53.1%) 3% 31,34 36,37, 4042, 44, 48, 49, 51-54, 59,
%0 and 13 studies (40.6 %) 2 3% 33,35 38,39,43,45,46,50, 55,57, 38 asnactively. 2 studies *7°°
used both breath tests to identify SIBO. However, only one °® of those assessed also
eradication by combined GHBT and LHBT. Doses of rifaximin used ranged from 600
mg/die to 1600 mg/die, and duration of treatment ranged from 5 to 28 days. 75% of the
studies were performed in Italy. Detailed characteristics of studies included in the meta-
analysis are provided in Supplementary Tables and Figures (from Table 4.5.1 to Table
4.5.3). No RCT was at low risk of bias (Table 4.5.4 Supplementary Tables and Figures).
Quality cohort studies ranged between 10/20 and 18/20, according to quality appraisal
checklist developed by the IHE ?° (from Table 4.5.5 to Table 4.5.9 Supplementary Tables

. . . . . 7 41,4 2
and Figures). ITT evaluation was possible in all but 6 studies 37 38 145255,

4.3.1 Overall eradication rates

4.3.1.1 Intention to Treat Analysis

. . . . . 29- 40, 42-44, 46-51 4 -
Intention to treat analysis was possible in 26 studies 2°3% 3% 40 » 4651, 53, 54, 35660

including 1141 patients. The pooled eradication rate of SIBO was 70.8% (95% Cl: 61.4 to
78.2; Figure 4.3.2) with evidence of significant heterogeneity (Cochrane Q: p<0.0001; I
= 89.4%; 95% Cl: 86.1 to 91.6), and Funnel plot asymmetry (Egger test: -4.16; 95% ClI: -
6.40 to -1.93; p<0.0001, Figure 4.5.1 Supplementary Tables and Figures).
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Figure 4.3.2 Forest Plot of SIBO Eradication Rate According to ITT Analysis.

Author

Corazza et al. (1988)
Biancone et al. (2000)
Di Stefano et al. (2000)
Cuoco et al. (2002)
Tursi et al. (2003)
Lauritano et al. (2005)
Tursi et al. (2005)
Cazzato et al. (2006)
Esposito et al. (2007)
Lauritano et al. (2007)
Majewski et al. (2007)
Resmini et al. (2007)
Scarpellini et al. (2007)
Parodi et al. (2008)"
Parodi et al. (2008)2
Lauritano et al. (2009)
Parodi et al. (2009)
Peralta et al. (2009)
Furnari et al. (2010)
Lombardo et al. (2010)
Cerda et al. (2012)
Fasano et al. (2013)
Boltin et al. (2014)
Chedid et al. (2014)
Moraru et al. (2014)
Gravina et al. (2015)
Overall (12 =89.4%, p <0.0001)

ER (95% Cl)

0.667 (0.349, 0.901)

# 1.000 (0.590, 1.000)
0.538 (0.251, 0.808)
0.857 (0.637, 0.970)

== 1.000 (0.692, 1.000)

0.344 (0.247, 0.452)

— 1.000 (0.933, 1.000)

0.737 (0.488, 0.909)
0.594 (0.406, 0.763)
0.704 (0.498, 0.862)
0.500 (0.272, 0.728)
0.438 (0.198, 0.701)
0.688 (0.574, 0.787)
0.733 (0.541, 0.877)
0.865 (0.742, 0.944)
0.634 (0.511, 0.745)
0.739 (0.516, 0.898)
0.519 (0.378, 0.657)
0.740 (0.628, 0.834)
0.879 (0.816, 0.927)
0.880 (0.757, 0.955)
0.778 (0.524, 0.936)
0.364 (0.172, 0.593)
0.343 (0.232, 0.469)
0.625 (0.529, 0.715)
0.813 (0.544, 0.960)
0.708 (0.614, 0.782)

Weight

3.24
272
3.32
3.69
3.07
433
4.17
3.62
3.95
3.86
3.66
3.49
4.30
3.92
4.17
4.27
3.76
4.18
4.29
4.42
4.15
3.58
3.73
4.25
4.37
3.49
100.00

ER, eradication rate.
1, ref; 46; 2, ref. 47.

Being only two the studies where both breath tests were used *” *°, these were not
included in the regression and sub-group analysis. Meta-regression showed that
eradication significantly increased for unit increase in dosage of rifaximin (Figure 4.3.3),
in non-RCTs, and in studies where fibres, mesalazine, pre or probiotics were
concomitantly used with rifaximin (Table 4.5.10 Supplementary Tables and Figures). A

sub-group analysis was also performed according to the same variables used for the

Eradication Rate

I
1

meta-regression analysis (Table 4.5.11 Supplementary Tables and Figures).
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Figure 4.3.3 Meta-regression plot: Logit of Eradication Rate versus Daily Dose of Rifaximin
(adjusted for all the other covariates evaluated).
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4.3.1.2 Per Protocol Analysis

The PP analysis included overall 1274 patients from all the 32 studies (the 26 studies

29-36, 39, 40, 42-44, 46-51, 53, 54, 56-60

where ITT analysis was possible , and from additional 6 trials

7 41, 4 2 . .
d 3738 41453235 ‘The pooled eradication

where only PP analysis could be accomplishe
rate of SIBO was 72.9% (95% Cl: 65.5 to 79.8) with evidence of significant heterogeneity
(Cochrane Q: p<0.0001; I* = 87.5%; 95% Cl: 83.8 to 90.0), and Funnel plot asymmetry
(Egger test: -3.47; 95% Cl: -5.28 to -1.67; p=0.0005, (Figures 4.5.2 and 4.5.3

Supplementary Tables and Figures)

54



4.3.2 Eradication rates in IBS patients

. 37,39,41,42,44,45, 48-50, 53-55, 58, 59
14 studies

42,44,48,58

were performed in patients with IBS. In 4 of them
it was not possible to extract data concerning the SIBO eradication rate, leaving
10 studies available for the analysis. Intention to treat analysis was possible in 6 studies
39,49,30,53,34. 39 i nyolving 311 patients. The pooled eradication rate of SIBO was 71.6%
(95% Cl: 56.7 to 84.4; Figure 4.3.4) with evidence of significant heterogeneity (Cochrane
Q: p<0.0001; 1> = 86.4%; 95% Cl: 70.3 to 92.0), but without evidence of Funnel plot
asymmetry (Egger test: -4.80; 95% Cl: -15.4 to 5.86; p=0.279, Figure 4.5.4

Supplementary Tables and Figures).

Figure 4.3.4 Forest Plot of SIBO Eradication Rate in IBS patients According to ITT Analysis.

%

Author ER (95% Cl) Weight
Esposito et al. (2007) _I—E— 0.594 (0.406, 0.763) 15.89
Parodi et al. (2009) —ﬂ:_ 0.714 (0.478, 0.887) 14.46
Peralta et al. (2009) . — é 0.519 (0.378, 0.657) 17.23
Lombardo et al. (2010) § —&— 0.918 (0.804, 0.977) 17.02
Cerda et al. (2012) § —®&— 0.880 (0.757, 0.955) 17.06
Moraru et al. (2014) +§ 0.619 (0.519, 0.712) 18.34

Overall (I =86.4%, p < 0.0001) Q 0.716 (0.567, 0.844) 100.00

. T
0 Eradication Rate 1

ER, eradication rate.



The PP analysis included overall 427 patients from all the 10 studies (the 8 studies where
ITT analysis was possible plus additional 4 trials where only PP analysis could be
accomplished 3 * %33 The pooled eradication rate of SIBO was 75.4% (95% Cl: 65.0
to 84.5; Figure 4.5.5 Supplementary Tables and Figures) with evidence of significant
heterogeneity (Cochrane Q: p<0.0001; I* = 81.7%; 95% Cl: 65.2 to 88.5), barely without
evidence of Funnel plot asymmetry (Egger test: -3.73; 95% Cl: -7.69 to 0.23; p=0.067,

Figure 4.5.6 Supplementary Tables and Figures).

4.3.3 Eradication rates in non-Gl Settings

. 2,40,43,46,47 . . . f .
Seven studies 3% %43 46.47.36.60; 1,y lving 182 patients were performed in non-Gl settings.

According to ITT analysis, the reported overall eradication rate was 74.0% (95% Cl: 62.9
to 83.7; Figure 4.5.7 Supplementary Tables and Figures) with evidence of significant
heterogeneity (Cochrane Q: p=0.0149; I” = 62%; 95% CI: 0 to 81.4), and without evidence
of Funnel plot asymmetry (Egger test: -3.61; 95% Cl: -7.94 to 0.71; p=0.08; Figure 4.5.8

Supplementary Tables and Figures).

According to PP analysis, the overall eradication rate reported was 76.8% (95% Cl: 69.2
to 83.6; Figure 4.5.9 Supplementary Tables and Figures) without evidence of significant
heterogeneity (Cochrane Q: p=0.2424; I* = 24.5%; 95% Cl: 0 to 67.9), but with evidence
of Funnel plots asymmetry (Egger test: -2.62; 95% Cl: -5.01 to -0.239; p=0.036; Figure

4.5.10 Supplementary Tables and Figures).

4.3.4 Comparative Studies

4.3.4.1 Rifaximin versus Placebo

Only 1 RCT ¥ compared rifaximin alone to placebo and it was performed in patients with
rosacea. 87.5% (95% Cl: 71.0 to 96.4) of the 32 patients randomized to rifaximin were
eradicated, whilst all patient (n=20) randomized to placebo remained positive. Those

were successively treated with rifaximin and the eradication found was 85.0% (95% Cl:
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64.0 to 94.8), giving an overall eradication rate of 86.5% (95% Cl: 74.2 to 94.4). No data

on AEs were reported in this study.

4.3.4.2 Rifaximin versus other antimicrobials

In two studies rifaximin (1200 mg for 7 days) was compared to chlortetracycline (333 mg
t.d.s for 7 days) *' or metronidazole (750 mg/die for 7 days) *® respectively, including
overall 168 patients. According to ITT analysis, the overall eradication rate was 61.6%
(95% CI: 51.1 to 71.6) and 37.6% (95% Cl: 21.1 to 55.6) in patients randomized to
rifaximin and other antimicrobials respectively, with a difference in eradication rate of
24% (95% Cl: 6.2 to 35.5) in favour of rifaximin. The pooled RR of eradicating SIBO was
1.50 (95% Cl: 1.11 to 2.04; Figure 4.5.11 Supplementary Tables and Figures) without
evidence of significant heterogeneity (Cochrane Q: p=0.418; I = 0%). Egger’s test was
not performed due to the low number of the studies. NNT was 5 (95% Cl: 2 to 43).
According to PP analysis, the overall eradication rate was 64.6% (95% Cl: 53.9 to 74.6)
and 42.5% (95% Cl. 27.7 to 58.6) in patients randomized to rifaximin and other
antimicrobials respectively, with a difference that was not significant (p=0.079). The
pooled RR of eradicating SIBO was 1.53 (95% Cl: 0.95 to 2.45; Figure 4.5.12
Supplementary Tables and Figures), without evidence of significant heterogeneity

(Cochrane Q; p=0.256; I* = 22.4%).

In the first study, there were no AEs >’ In the second study *®, AEs were significantly
more frequent in the metronidazole (22.5%; 95% Cl: 14.4 to 33.5) than in rifaximin group
(8.5%; 95% Cl: 3.9 to 17.2; difference in AEs: 14.1%; 95% Cl: 2.1 to 26). Furthermore, 6
patients (8.5%; 95% Cl: 3.9 to 17.2) in the metronidazole group were obliged to

discontinue the study due to the severity of AEs.
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4.3.5 Combination Studies

4.3.5.1.1 Rifaximin plus fibres

In two studies ** ! rifaximin was given in patients taking fibres. The first one was a
randomized crossover trial where patients with SIBO and symptomatic uncomplicated
diverticular disease taking insoluble fibre (i.e. bran) were randomized to receive
rifaximin or placebo *%. The eradication rates found according to PP analysis were 83.3%
(95% CI: 55.1 to 95.3) for rifaximin and 10% (95% Cl: 1.8 to 40.4) for placebo with a
difference in eradication significantly in favour of rifaximin (difference in eradication:
73.3%; 95% Cl: 32.8 to 90.9). During the second phase of the study, patients not
eradicated with placebo were treated with rifaximin reporting an eradication rate of
77.7% (95% Cl: 39.9 to 97.1). The overall eradication rate (including the first and the
second period) was 80.9% (95% Cl: 59.9 to 92.3). AEs were not reported in details.

However, no patient had to discontinue the study due to AEs of rifaximin.

The second study >* was a RCT where patients with SIBO were randomized to receive
either rifaximin alone or in combination with partially hydrolysed guar gum. The
eradication rate found in the latter group was 85% (95% Cl: 70.1 to 94.2) according to
ITT analysis and 87.1% (95% Cl: 72.5 to 95.7) according to PP analysis, and it was
significantly higher than that obtained in patients treated with rifaximin alone (62.1%;
95% Cl: 44.7 to 77.5 according to both ITT and PP analysis; difference for eradication
rate according to ITT analysis: 22.8%; 95% Cl: 3.18 to 41.5; difference for eradication
rate according to PP analysis: 25%; 95% Cl: 5.6 to 43.4) >'. AEs were not reported in

details. However, no patient had to discontinue the study due to AEs of rifaximin.
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4.3.5.1.2 Rifaximin plus mesalazine

In two studies rifaximin was given in patients taking mesalazine. The first study was a
quite small RCT *°® where patients with Crohn’s disease and SIBO were randomized to
receive either rifaximin or placebo. After the end of treatment, SIBO was eradicated in
all patients receiving rifaximin (100%; 95% Cl: 59.0 to 100), and in only 28.5% (95% Cl:
3.6 to 70.9) of those randomized to placebo (difference in eradication: 71.4%; 95% Cl:
23.2t0 92.1). No data on AEs were reported.

The second study was a performed in patients with acute uncomplicated diverticular
disease of the colon * where rifaximin was able to eradicate SIBO in all patients treated

(100%; 95% Cl: 93.3 to 100).

4.3.5.1.3 Rifaximin plus probiotics

In one study *’ SIBO positive patients were treated with rifaximin followed by a cycle of
probiotics (Lactobacilli and Bifidobacteria based preparation) for twenty-day. Follow-up
was performed 4-5 months after the end of treatment and revealed an eradication rate

of 82.6% (95% Cl: 61.2 to 95). Treatment did not cause any significant adverse event.

4.3.6 Symptom Relief

The evaluation of studies assessing symptoms before and after treatment with rifaximin
(from Table 4.5.12 to Table 4.5.16 Supplementary Tables and Figures) showed a high
heterogeneity. Indeed, the different symptoms were measured in different ways
and/or, sometimes, collectively expressed as a global symptom score. Aggregating them
into a meta-analysis would be not appropriate. Therefore, a thorough analysis of those
studies evaluating symptoms (before and after therapy) was performed. Symptom

improvement was reported in a large proportion (> 75%) of studies, an effect seen more
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frequently in studies including IBS patients (Figure 4.5.13 Supplementary Tables and

Figures).

4.3.7 Adverse Events

AEs were reported in 17 studies involving 815 patients where only rifaximin was used
31,32,34,39-44, 46, 48,50, 53, 5558 A ¢ shown in Figure 4.3.5, the overall rate of AEs was 4.6%
(95% Cl = 2.3 to 7.5), with evidence of heterogeneity (Cochrane Q: p=0.0002; I* =
63.6%; 95% Cl: 31.2 to 77.1), but without Funnel plot asymmetry (Egger test: 0.8794;
95% Cl: -0.543 to 2.301, p = 0.2074; Figure 4.5.14 Supplementary Tables and Figures).
Meta-regression and sub-group analysis revealed that non-RCTs presented a

significant lower incidence of adverse events, when compared to RCTs (Tables 4.5.17

and 4.5.18 Supplementary Tables and Figures).

Only in one study > the 0.47% (95% Cl = 0.01 to 10.6) of patients who experience
adverse events had to discontinue the therapy prematurely for this reason.

A case of C. difficile infection (CDI) — post treatment - was reported to occur in 1 patient
of a study were rifaximin was used at the dosage of 1200 mg daily for 4 weeks. However,
no information about either the time elapsed between the end of antibiotic therapy and
the occurrence of the CDI or the presence of concurrent risk factors for the infection
was provided *%. The same paper reported also a case of anaphylaxis to rifaximin, again

without providing any information on the severity of this adverse event.
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Figure 4.3.5 Forest Plot of Adverse Events in Patients Taking Rifaximin Alone.

%

Author AER (95% CI) Weight

0
Di Stefano et al. (2000) | : 0.000 (0.000, 0.308) 299

1
Cuoco et al. (2002) I—l— 0.000 (0.000, 0.161) 473
Lauritano et al. (2005) V. —— 0.122 (0.063, 0.208) 8.17

1
Esposito et al. (2007) l—:— 0.000 (0.000, 0.109) 5.81
Lauritano et al. (2007) — 0.074 (0.009, 0.243) 537
Majewski et al. (2007)! — 0.000 (0.000, 0.369) 256
Majewski et al. (2007)2 I—E— 0.000 (0.000, 0.168) 4.60
Resmini et al. (2007) - - 0.077 (0.002, 0.360) 3.56
Scarpellini et al. (2007) E i 0.175 (0.099, 0.276) 7.94
Parodi etal. (2008) [ 0.000 (0.000,0.116) 565
Lauritano et al. (2009) E—.— 0.085 (0.032, 0.175) 7.70
Peralta et al. (2009) — 0.000 (0.000, 0.066) 7.10
Lombardo et al. (2010) ".— 0.020 (0.004, 0.058) 8.97
Meyrat et al. (2012) —— 0.047 (0.015, 0.107) 8.46
Fasano et al. (2013) | : 0.000 (0.000, 0.185) 434
Boltin et al. (2014) ! 0.000 (0.000, 0.176) 447
Chedid et al. (2014) — . 0.090 (0.034, 0.185) 758
Overall (I = 63.6%, p = 0.0002) <> 0.046 (0.023, 0.075) 100.00

Adverse Events Rates

AER, adverse event rate.
1, ref; 41; 2, ref. 42.
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4.4 Discussion

SIBO is a very heterogeneous syndrome characterized by an increased number and/or
abnormal type of bacteria in the small bowel 3, and is becoming a common finding in
clinical practice. The management of SIBO should be centred on identifying and
correcting underlying causes, treating the overgrowth, and addressing the nutrition defi-

. . 1
ciencies, where detected > ®*.

Several broad-spectrum systemic antibiotics such as fluoroquinolones, metronidazole,
tetracycline, amoxicillin-clavulanic acid, chloramphenicol, etc., have been used to
manage SIBO ’. However, they are usually associated to several and sometime severe
adverse events ® %,

Rifaximin is a poorly absorbed antibiotic that has been largely used to treat SIBO over

10, 11

the past decades . Both experimental and clinical pharmacology clearly show that

this compound displays a broad spectrum of antibacterial activity, covering Gram-

.y . . . . 10,11
positive and Gram-negative organisms, both aerobic and anaerobic

. Being virtually
non-absorbed, its bioavailability within the gastrointestinal tract is rather higher with
intraluminal and fecal drug concentrations largely exceeding the minimal inhibitory
concentration values observed in vitro against a wide range of pathogenic organism.
Furthermore, it has been proposed that rifaximin could be able to preserve colonic flora
and increase the relative abundance of Lactobacilli and Bifidobacteria, showing
“eubiotic” effects °* **,

The results of our meta-analysis provide evidence that rifaximin is clinically effective in
eradicating SIBO. A significant heterogeneity was found and multivariate meta-
regression identified three covariates (namely the drug dose, the study design and co-
therapy) independently associated with an increased eradication rate. Two studies
reported a dose-dependent eradication rate: the higher the daily dose of rifaximin, the

3444 |n addition, the treatment success was significantly

higher the eradication rate
higher in non-randomized trials ®. Despite RCTs are usually preferred to evaluate the
efficacy of therapeutic interventions, a large amount of evidence is often accumulated

through non-randomized studies. For this reason, we decided to include them in our
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analysis. It is worthwhile mentioning that RCTs and non-randomized studies show a high
correlation in their estimates of efficacy. However, it is more frequent to find larger
treatment effects in non-randomized studies compared to than the opposite *°. This
was indeed the case in our study. Finally, concomitant administration of rifaximin with
fibres (both soluble and insoluble), probiotics (Lactobacilli and Bifidobacteria), or

®973 consistently gave higher

mesalazine, three gut microbiota-directed therapies
eradication rate. The global effectiveness of rifaximin in eradicating SIBO was
maintained in the sub-group of patients with IBS, where a significant heterogeneity was
still present. It is worth mentioning that the IBS studies were all non-RCTs.

The analysis of the studies including symptom evaluation points to an association
between symptom improvement and rifaximin treatment. Two recent studies ’®’’ have
shown that a positive H,BT does predict antibiotic symptomatic response in patients
with IBS. A thoughtful Editorial ® actually suggested that breath testing for SIBO could
represent a mean to enrich rifaximin responders amongst IBS patients. By using SIBO as
a biomarker of IBS, the therapeutic gain of rifaximin over placebo, reported by the
TARGET trials ”°, may well be extended to reach a clinically significant figure.

All the studies included in our meta-analysis employed to diagnose SIBO (as well as to
evaluate eradication) GH or LH-BT, which — although widely used - are less sensitive and
specific than bacterial culture, till now considered as the gold standard °. Each substrate
has its own advantages and disadvantages, with GHBT favouring specificity over
sensitivity, while the reverse is true for LHBT 8 However, whatever breath test is used,
the effectiveness of rifaximin in eradicating SIBO remains the same, as evidenced by
meta-regression analysis.

Several antimicrobials have been found effective in reducing gas production, albeit with
various success rates for (review see ’). However, only few head to head comparisons
were performed. Conversely from our study, a recent meta-analysis on antibiotic
efficacy in treating SIBO narrowed the inclusion criteria to RCTs, showing that antibiotics
were more effective than placebo (OR: 2.55; 95% Cl: 1.29 to 5.04) 8. In their subsequent

analysis on efficacy of rifaximin versus placebo, the Authors selected 3 RCTs, two of
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which were not included in our own meta-analysis. The first trial ¥ was performed in
children whilst our study was devoted to adults only. The second study ® had some
methodological drawbacks. Since LHBT was performed after randomization, patients did
receive treatment independently from the presence of SIBO. Additionally, two criteria
for establishing SIBO diagnosis were used, which produced significantly different results
(55% positivity with the first criteria versus 8% positivity with the second criterion).
Finally, several different outcomes were adopted to evaluate rifaximin efficacy, which
makes difficult to compare the results obtained with other studies.

Besides efficacy, our systematic review carefully looked at rifaximin safety and
tolerability. Evidence for harms of medical interventions is important when weighting
the benefits and risks of treatments in clinical decision-making. However, such evidence
is often suboptimal # 2. We found that 4.6% of patients treated with rifaximin reported
AEs, but only the 0.47% of them had to discontinue the therapy. Meta-regression
revealed that, among the covariates analysed, only non-RCTs were significantly
associated with a lower rate of AEs when compared to RCTs. Although non-RCTs are
considered conservative in estimating risks of harms (as it happened in our study),
evaluation of a broad range (i.e. randomized as well non-randomized) of studies can
help to build a complete picture of any potential harm and improve the generalizability
of the analysis, without loss of validity .

When considering the results of this meta-analysis, several important limitations should
be acknowledged. As with any systematic review and meta-analysis, the results rely on
the quality and reporting of the trials. There were no studies using culture to diagnose
and follow-up the eradication. We found a significant heterogeneity among trials and
for this reason we performed meta-regression analysis. However, the results of this
analysis are to be interpreted with caution as meta-regression has its own limitations.
As it describes observational associations across trials, it can suffer from confounding.
Furthermore, since the number of studies and sample size do influence the results of
meta-regression, the lack of an association does not necessarily mean its “true” absence

7 .. . . .
87,88 The associations found in a meta-regression should therefore be considered more
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hypothesis-generating and not regarded as proof of causality ¥ ®8. Only 25% of studies

4 44, 47, 4 1
30,34, 38, 44,47, 48,51, 89 N RCT resulted to be at

included in the meta-analysis were RCTs
low risk of bias, and all had problems with concealment of allocation and blinding *°.
Furthermore, for the sake of homogeneity, it was possible to pool the results of only
two RCTs 3V %8 Most of the studies included were therefore non-RCTs, which are
susceptible to selection bias and, as mentioned before, tend to find larger effects. €8, 91-
% Finally, funnel plots asymmetry suggested not only publication bias but also the
presence of other types of biases, depending on other sources (e.g. heterogeneity, poor
methodological quality, etc.) **. All the above limitations clearly affect the quality and
the strength of the provided evidence and, therefore, the results of this meta-analysis
should be considered with caution *.

In conclusion, rifaximin therapy is effective and safe for the treatment of SIBO. Since the
quality of the available studies is generally poor, well-designed, large RCTs (with well-
established criteria to assess SIBO and related symptoms) are needed to substantiate

these findings and to establish the optimal regimen (i.e. daily dose and duration) of

rifaximin to treat this increasingly common condition.
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4.5 Supplementary Tables and Figures

Table 4.5.1. Characteristics of the studies included in the systematic review and meta-analysis.

Type of publication Chnical Prior antibiotc Testto diagnose — ” Patients in the Dosage of Duration of Time of
Authors and study Country s s 0 Criteria used to diagnose SIBO atiens — st —
Presence of a hydrogen peak > 10 ppm above the fasting level >
Corazza etal (1988)(29] Roalipail taly o or e (basal value) and preceding the colonic excretion peak by at 2 0 "m‘/;; Sdays —
least 20 min 200
Biancone et al.(2000)(30] - ttaly a Saa—— BT : 12ppm 7 1200me/die 7days o
an increase in breath H; excretion > 12 ppm over the baseline
DiStefano et al (2000131 b in il taly o o GHBT 18 1200 me/die 7days e
[ > 12 ppm in the fasting state
FullPaper Bara Gl None within Tmonth
Cuoco etal. (2002)[32] Cohort Study Italy (DM type o) prior3. s LHBT ine values 21 1200 mg/die 10days after EOT
Presence of a peak >20 ppm occurring >15 min before the
Tursi etal. (2003)[33] E:ﬂ";“’w taly el nr BT colonic peak; abso patients wkh n elevated fasting He 10 800 mg/die 7days e
were
600 mg/die
Full Paper None within. 1month
Lauritano et . (2005)(34] oy taly @ ot GHBT o 0 smonalae 7days Jame.
Presence of a Hz peak >20 ppm occurring >15 min before the
Tursi etal. (2005)(35] iy Traly o or BT colonic pesks abo._putients Whiisn cleveted esting s 53 800 mg/die 10days e
‘were considered positive for bacterial overgrowth
Cazzatoetal. 2006)(36] CohortStudy ttaly o or BT 1 1200 me/die 7days ey
o etal. (2006)37] E:w;“sw Taly &l - GHBT ::.I:lﬂ ‘one of the sample expired air the H; value was more 3 1200 mg/die 14days l;::o[n:,u
Presence of an early increase (> 10 ppm above the baseline
. Full Paper None within within 3 day
Drach s ooie) Cross-Over RCT ey B prior 1 month st samples, or an increase in H; value (> 20 ppm above the . 1200 igae bt ater EOT
20 Y
FullPaper o patients under An clevated breath hydrogen concentration higher than 10 Ty
Esposito et al. (2007){39] Cohort Study Iraly Gl pe e LHBT ‘ppm over busel veloes 33 1200 mg/die Tdays after EOT
" R, . GHBT, minutes; hs, hours; ppm, €0,

Table 4.5.2 Characteristics of the studies included in the systematic review and meta-analysis (continued).

P Teorpubicaton | Ciinical Prior antibiotic Testto dingnose Griteria used Patients in the Dosage of Duration of Time of
and study Setting use allowed si80 to disgnose SIBO itaximis rifoximin therspy follow-up
Lauritano et al. (2007)[40] t;&"s‘::" raly ) Lol GHBT Increase over the baseline of H; levels > 12 ppm 7 1200 me/die 7days L]
"Ahydrogen and/or methane peak >20 ppm when the baseline
Full Paper None within was <10 ppm or in ases where the patient started with within 7 days
Majewski etal. 2007)41] il usa a Rocrbecd GHBT x s 800 mg/die 28days e
positive result
Full Paper None within was below 10 ppm or when the patient started with baseline . within 7 days
Majewskdetal. 2007)i42) Cohort Study usA s prior 6 weeks et above 10 ppm, 3 further increase of more than 12 ppm was o 800 me/die Bays after EOT
Full Paper EBara Gl Tmonth
Resmini et al. (2007)(43] cotmre ety aly — or eT et e etoray 18 1200 me/die 10days e
“An increase of H; levels over the baseline value was >12 ppm
Full Paper None within 1200 mg/die 1month
Scarpellini etal. (2007)(44] P taly @ e GHBT Sk CHe s creasd >100% whth rspct 1 he el ) S 7days el
Full Paper Hydrogen of methane values rose to more than 20 ppm at or vithin Tweek
Yang etal. (2008)145] Gt Sty usa a or e ey 50 1200 me/die 10days ey
Full Paper Gl None within Tmonth
Parodi etal. (2008)i46] e ol aly — e e —————— 30 1200 me/die 10days il
‘GHBT: a single Hy/CHu peak higher than 10 ppm
. Full Paper Exra Gl . . 1 month
Parod etal. (2008)(47] = aly can) or LHBT-GHBT | LHB: presence of 2 distinct peaks of Hy/CH excretion (>10 52 1200 me/die 10days ——
Lauritano et al. (2009)(48] — aly Gl — BT Increase over the baseline of Hz levels >12 ppm n 1200 me/die 7days —
Parodi et al. (2009)[49] c:ﬂ‘s‘:w haly <l :::z"""“" GHBT Single H: peak higher than 12 ppm 2 1200 mg/die 10days & "'“;';"T
, T, ; i, minutes, hr, hours, pom, ‘million; E

Table 4.5.3 Characteristics of the studies included in the systematic review and meta-analysis (continued).

Tyve of publication Chnical Prior anibioti Testto disgnose Patients n the Dosage of Duration of Time of
Neshors and study Country Setting use allowed siB0 Cikesa med 1o dagose 00 rifaximin therapy follow-up
e of gt
Peralta et al. (2009)[50] Full’ Pl;:w Taly @ No::@enuu:« LHBT than N Ppm over basal values within 90 min (."vlﬁ( oral 54 1200 mg/die 7days ‘3":::;'
afte additional 15 min or more
Fumarietal. (2010)51] Pwe raly a . GHeT B CANL—— 7 1200mg/die 1060y S
P — Fane aly [l or GHeT Increase over baseline Hy levels > 12 ppm n 1200 mg/die 7days et
Lombardo et al. (2010)[53] Ialy 6l GHBT Increase over the baseline H;level was >10 ppm 149 1200 mg/die 14 days
Cono Sty o s o anertor
Cerda etal. (2012)(54] ‘“’";" » Mexico @ or GHBT Increase over the baseline level H; was >10 ppm 50 1200 mg/die 10days ot
/An increase in breath- Ha concentration of at least 12 ppm
above basal level was observed within 60 min of ingesti
Meyrat etal. (2012551 il Switzeriand a Soiphons et lactose on the condition that this carly fise in H; 6 800 me/die 14days —
concentration preceded the second prolonged rise in H
concentration by
GHBT: increase over the baseline of hydrogen levels > 12 ppm
Full Pa Extra GI N withi LHBT: Presence of an early increase (> 10 ppm above the 1 month
Fasano et al. (2013)[56] et [ (Parkinson’s e LHBT & GHBT baseline level within 30-60 min) in H; after lactulose ingestion 18 1200 mg/die 7days ke
Cohort Study prior 1 month after EOT
disease) in two consecutive samples, or an increase in Hy velue (> 20
ppma
Full Paper None within The test was considered positive for SIBO when an increase 2weeks
Bottin etal. (2014)(57) ol lsreel a elos s et o Lyl 2 1200 mg/die 10dys Saceor
opn
ppm for methane only if patients were compliant with their
Full Paper None within Ppreparation or an increase within 90 minutes (small intestine)
Chedid et al. (2014)[58] C Study UsA Gl prior 3 months LHBT that was fol bya peak (colonic), tive of 3 67 1200 mg/die 28days EoT
following
first peak)
ru etal. (2014)(59] Full’ PI;:VW Romania 6l :'::e‘vnmm GHBT :.l::lp'.:;:ﬂk. ‘exceeding 20 ppm before the 120 minutes 12 1200 mg/die 7days "":?;'
ina et al. (2015)(60] Full’ PI;;ﬁw Taly (im Gl) :‘:!’\;:I::Iﬂ GHBT Increasing over the baseline of H; levels, was more than 12 16 1200 me/die 10days l:.nzﬂn;mm
I, not reported; RCT, GHBT, i, minutes; hrs, hours, ppm, part per €0, B
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Table 4.5.4 Risk bias assessment of RCTs included into systematic review and meta-analysis.
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Table 4.5.5 IHE’s quality appraisal checklist for cohort studies 2,

Studies
Corazza et al. Cuoco et al. Tursiet al. Tursietal. Cazzato etal.
(1988) [29] (2002)[32] (2003)(33] (2005)[35] (2006)[36]

2. was the study conducted prospectively? u u u Y Y

::!nlh:whmdnmﬂm - N N N N

4. Were patients recruited consecutively? u u Y Y Y

5. Were the characteristics of the patients v N . . -

included in the study described?

6. were the eligibility criteria (i.e. inclusion

and exclusion criteria) for entry into the P P Y Y P

study clearly stated?

7. Did patients enter the study at a similar

point in the disease? v v Y v v

8. Was the intervention of interest clearly ¥ v . . v

s.u‘lerea&?u;dm ) N Y N v Y

mw;uuu:vm:m . v v ' .
|_established a priori?

11. Were outcome assessors blinded to the - » » » »

intervention that patients received?

12 were the relevant outcomes measured

using appropriate objective/subjective Y Y Y Y Y

methods?

13. were the relevant outcome measures

made before and after the intervention? N v v v v

14 Were the statistical tests used to assess
the relevant outcomes appropriate?

15. was follow-up long enough for v v v v v
important events and outcomes to occur?

16. were losses to follow-up reported? Y Y Y Y Y
17. Did the study provided estimates of

random variability in the data analysis of Y Y Y Y Y
relevant outcomes?

18. Were the adverse events reported? N Y N N N
19. were the conclusions of the study ¥ v v v v
supported by the results?

sources of support for the study reported?
IHE, Institute of Health Economics; Y, Yes; N, No; P, Partial; U, Unclear.
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Table 4.5.6 IHE’s quality appraisal checklist for cohort studies 2 (continued).

sources of support for the study reported?

Studies
Cuoco et al. Esposito etal. Lauritano et al. Majewski et al. Majewski et al.
(2006)[37] (2007)[39] (2007){40] (2007)[41] (2007)[42]
"
Study objective
1 Was the hypothesis/aim/objective of the . v v Y .
study clearly stated?
Study design
2. was the study conducted prospectively? N b | Y u Y
:.::m mzcases collected in more than N N N N N
4. Were patients recruited consecutively? u Y Y u Y
Study population
5. Were the characteristics of the patients v v v v P
included in the study described?
6. Were the eligibility criteria (i.e. inclusion
and exclusion criteria) for entry into the Y Y ¥ Y Y
study clearly stated?
7. Did patients enter the study at a similar u v N v U
point in the disease?
8. Was the intervention of interest clearly Y . v Y Y
described?
9. Were additional interventions
(cointer ) dearly described? N N Y N N
Outcome measures
10. Were relevant outcome measures v Y . v v
established a priori?
11. Were outcome assessors blinded to the N N N N N
intervention that patients received?
12 Were the rel outcomes ed
using appropriate objective/subjective Y Y ¥ Y Y
methods?
13. Were the rel outcome v Y . Y Y
made before and after the intervention?
Statistical analysis
14. Were the statistical tests used to assess y v Y Y v
the relevant outcomes appropriate?
Resuits and conclusions
15. was follow-up long enough for - . . 5 ¥
important events and outcomes to occur?
16. were losses to follow-up reported? Y Y N Y
17. Did the study provided estimates of
random variability in the data analysis of Y Y Y Y Y
relevant outcomes?
18. were the adverse events reported? N Y Y Y Y
19. Were the conclusions of the study
supported by the results? N v Y M ¥
Competing interests and sources of support
20. Were both competing interests and N n Y - N

IHE, Institute of Health Economics; Y, Yes; N, No; P, Partial; U, Unclear.

69




Table 4.5.7 IHE’s quality appraisal checklist for cohort studies 2 (continued).

Resminietal. Yangetal Parodi et al. Parodiet al. Peraltaetal.
(2007)[43] (2008)[45] (2008){46] (2009)[49] (2009)(50]

Study objective

1. Was the hypothesis/aim/objective of
the study clearly stated?

Study design

2. Was the study conducted
prospectively?

3. Were the cases collected in more than
one center?

4. Were patients recruited consecutively? u Y ¥ Y u

Study population

5. Were the characteristics of the patients
included in the study described?

6. Were the eligibility criteria (Le.
inclusion and exclusion criteria) for entry Y Y Y Y Y
into the study clearly stated?

7. Did patients enter the study at a similar
point in the disease?

Intervention and cointervention

8. Was the intervention of interest clearly
described?

9. Were additional interventions
(cointerventions) clearly described?

10. Were relevant outcome measures
established a priori?

11. Were outcome assessors blinded to
the intervention that patients received?

12. Were the relevant outcomes

measured using appropriate Y Y Y Y Y
objective/subjective methods?

13. Were the relevant outcome measures
made before and after the intervention?

Statistical analysis

14. Were the statistical tests used to
assess the relevant outcomes Y Y Y Y Y

appropriate?

Results and conclusions

15. was follow-up long enough for Y Y v v Y
important events and outcomes to occur?

16. Were losses to follow-up reported? Y ] Y Y Y

17. Did the study provided estimates of
random variability in the data analysis of Y Y Y Y Y
relevant outcomes?

18. Were the adverse events reported? Y N Y N Y

19. were the conclusions of the study
supported by the resuits?

Competing interests and sources of
Support

20. were both competing interests and
sources of support for the study Y Y Y Y N
reported?

IHE, Institute of Health Economics; Y, Yes; N, No; P, Partial; U, Unclear.
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Table 4.5.8 IHE’s quality appraisal checklist for cohort studies 20 (continued).

Studies
Lauritano et Lombardo et Cerdaetal Meyratetal. Fasano etal.
al. (2010)[52] al. (2010)[53] | (2012)[54] (2012)[55] (2013)[56]

Criterions
Study objective
1. Was the hypothesis/aim/objective of the v v v v v
study dearly stated?
Study design
2. Was the study conducted prospectively? u Y u Y Y
3. were the cases collected in more than one - - v n v
center?
4. Were patients recruited consecutively? u Y u Y Y
Study population
5. Were the characteristics of the patients P y P . Y
included in the study described?
6. Were the eligibility criteria (iLe. inclusion
and exclusion criteria) for entry into the study P Y P Y Y
clearly stated?
7. Did patients enter the study at a similar
point in the disease? v v v v v
Intervention and cointervention
8. Was the intervention of interest clearly

bed? Y | Y Y Y
9. Were additional interventions N N N ~ v
(cointerventions) clearly described?
Outcome measures
10. ‘ﬁ"f rflmnomm measures ¥ ¥ Y Y .
esta a priori?
11. Were outcome assessors blinded to the N N N N N
intervention that patients received?
12. Were the relevant outcomes measured
using appropriate objective/subjective Y Y Y Y Y
methods?
13. Were the relevant outcome measures v v v ¥ .
made before and after the intervention?
Statistical analysis
14. Were the statistical tests used to assess " Y v Y Y
the relevant outcomes appropriate?
Results and conclusions
15. was follow-up long enough for important Y Y Y - Y
events and outcomes to occur?
16. Were losses to follow-up reported? u Y Y u Y
17. Did the study provided estimates of
random variability in the data analysis of Y Y Y Y Y
relevant outcomes?
18. Were the adverse events reported? N Y N Y Y
19. Were the conclusions of the study Y Y v Y v
supported by the resulits?
Competing interests and sources of support
20. Were both competing interests and Y Y Y v Y
sources of support for the study reported?

IHE, Institute of Health Economics; Y, Yes; N, No; P, Partial; U, Unclear.
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Table 4.5.9 IHE’s quality appraisal checklist for cohort studies 20 (continued).

Studies

Boltin et al.
(2014)(57]

Chedid etal.
(2014)[58]

Moraru et al.
(2014)[59]

Gravina et al.

(2015)[60]

Study objective

1. Was the hypothesis/aim/objective of
the study clearly stated?

Study design

2. Was the study conducted
prospectively?

3. Were the cases collected in more than
one center?

4. Were patients recruited consecutively?

Study population

5. Were the characteristics of the patients
included in the study described?

6. Were the eligibility criteria [i.e.
inclusion and exclusion criteria) for entry
into the study clearly stated?

7. Did patients enter the study at a similar
point in the disease?

Intervention and cointervention

8. Was the intervention of interest clearly
described?

9. were additional interventions
(cointer ions) clearly described?

10. were rel outcome
established a priori?

11. Were outcome assessors blinded to

the intervention that p received?

12. Were the relevant outcomes
measured using appropriate

objective/subjective methods?

13. Were the rel outcome
made before and after the intervention?

Statistical analysis

14. Were the statistical tests used to
assess the relevant outcomes
appropriate?

Results and conclusions

15. was follow-up long enough for
important events and outcomes to occur?

16. Were losses to follow-up reported?

17. Did the study provided estimates of
random variability in the data analysis of
relevant outcomes?

18. Were the adverse events reported?

19. Were the conclusions of the study
supported by the results?

Competing interests and sources of
support

20. were both competing interests and
sources of support for the study reported?

IHE,

of Health Ec ics; Y, Yes; N, No; P, Partial; U, Unclear.
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Table 4.5.10 Meta-regression of eradication rate according to ITT analyses (studies included: 24%*).

Covariate Number of Studies Coefficient 95% CI p value
RCT 6 ref

No RCT 18 0.989 0.07 to 1.902 0.035
Dosage of rifaximin 24 0.002 0.0003 to 0.003 0.020
Duration of treatment 24 -0.020 -0.084 to 0.043 0512
GHBT 14 ref

LHBT 10 -0.717 -1.535 to 0.099 0.081
Sample Size 2 50 patients z ref

Sample Size < 50 patients 17 -0.093 -0.843 t0 0.657 0.797
Studies performed in Italy 19 ref

Studies not performed in ltaly 5 -0.610 -1.808 to 0.587 0.299
Rifaximin as only treatment 21 ref

Concomi use of tr affecting gut microbiota 3 2.031 0.662 to 3.400 0.005
Follow-up within 1 week after EOT 9 ref

Follow-up between 2 and 4 weeks after EOT 13 -0.234 -1.064 to 0.596 0.562
Follow-up > 4 weeks after EOT 2 0.636 -0.856 to 2.130 0383

*, being only two the studies where both breath tests were used [47, 56], these were not included in the regression analysis.

ref, ref e; EOT, end of
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Table 4.5.11 Sub-group analysis of eradication rate according to ITT analysis (studies included: 24%*).

Variable | Number of Studies | Eradication Rate 95% Cl
Randomization
RCTs 6 65.8% 48.0to 80.5
Not RCTs 18 71.4% 59.7to 81.9
Daily dose of rifaximin and duration of treatment®
600 mg/die for 7 days 1 16.7% 73t033.6
800 mg/die for 5 days 1 66.7% 30.0t0 90.3
800 mg/die for 7 days 2 68.5% 15t093.7
800 mg/die for 10 days 1 100% 93.2 to 100
800 mg/die for 28 days 1 50.0% 29.9t070.1
1200 mg/die for 5 days 1 66.7% 30.0t0 50.3
1200 mg/die for 7 days 10 62.9% 57.2to0 68.5
1200 mg/die for 10 days 9 72.9% 62.3t082.4
1200 mg/die for 14 days 1 87.9% 81.7t092.2
1200 mg/die for 28 days 1 34.3% 24.1t046.3
1600 mg/die for 7 days 1 80.0% 65.2t0 89.5
Type of H,BT used
GBT 14 70.8% 60.3 to 80.3
LHBT 10 68.8% 47.4t086.9
Number of patients enrolled in the study
2 50 patients 7 73.4% 53.8t089.3
< 50 patients 17 67.7% 57.7t0 77.0
Country where the study was performed
Italy 19 73.8% 63.0t083.3
Other Countries 5 55.8% 34.5t076.0
Concomitant use of treatments affecting gut microbiota
Yes 3 95.1% 65.9to 74.6
No 21 65.6% 56.1to 74.6
Length of Follow-up
Within 1 week 9 72.0% 51.1t089.1
Between 2 and 4 weeks 13 65.6% 55.1t075.3
>4 weeks 2 88.2% 82.5t093.0

*, being only two the studies where both breath tests were used [47, 56], these were not included in the sub-group analysis.

*: number of studies is > 24 as several trials had = 2 arms evaluating different doses and/or treatment durations.
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Table 4.5.12 Synopsys of evaluation of symptoms in patients with SIBO after therapy in the studies included in the

meta-analysis.

(absence, mild to moderate, severe, very
severe)

Symptoms evaluated Symptom Response
Auth: Clinical Setti Di is of IBS
e - e Sp—— to the Author definiti ding to the Author definiti
Diarrhoea,  bloating, ~ weight loss, | Improvement of symptoms in 87.5% (95% Cl: 52.9 to 97.8) of the eradicated patients
Corazza et al. (1988)[29] Gl nr
( )29] abdominal pain Improvement of symptoms in 75.0% (95% CI: 30.1 to 95.4) of not eradicated patients
Gl
Biancone et al. (2000)[30] (Patients with nr CDAI No change in CDAI
Crohn’s Disease)
GSS considering: abdominal pain, bloating, | o\ o tiants in the rifaximin group showed a significant reduction in symptom score
diarthoea, borborygmi, lassitude, and 4 Ny o o
= = for diarrhoea, borborygmi, and lassitude after therapy. In addition, the reduction in
Di Stefano et al. (2000)[31] Gl nr anorexia evaluated and graded using a N N el i gy N
X -~ g mean cumulative score of the patients treated with rifaximin was significantly higher
semi-quantitative scale (absent, mild, ! y :
severe) (p< 0.05) than in those treated with chlortetracycline (p=0.2)
GSS  considering: bloatin, diarrhoea,
Cuoco et al. (2002)(32] Extra GI o alternate alvine flabits using' a four-point Absence of symptoms in 72.2% (95% Cl: 49.1 to 87.5) of the eradicated patients
g (DM type I or Il) ; » USng pol No change of symptoms in 66.7% (95% CI: 20.8 to 93.9) of not eradicated patients
scale (absent, mild, severe)
Gl GSS considering: diarrhoea, slow gastric
(Celiac Patients emptying, abdominal discomfort
N with persistence of /abdominal pain with meteorism; Absence of symptoms in 100% (95% Cl: 72.2 to 100) of the eradicated patients
Tursi et al. (2003)[33] . - nr N
gastrointestinal symptoms were graded using the
symptoms after following scale: absence, slight symptoms,
gluten withdrawal) mild severe
Lauritano et al. (2005)[34] Gl nr nr nr
Constipation, diarrhoea, abdominal pain,
Gl rectal bleeding, and mucus passage with
. (acute the stools. Intensity of the symptoms
Tursi etal. (2005)(35] uncomplicated g quantified with a quantitative scale (0-10 e
diverticulitis) according to increasing worsening of
Gl " Absence of heartburn in 64.3% (95% CI: 38.8 to 83.7) of eradicated patients
Cazzato et al. (2006)(36] (NERD) nr bl Absence of heartburn in 16.7% (95% CI: 31.0 to 56.4) of not eradicated patients
Abdominal discomfort, abdominal pain,
Yes meteorism, abdominal distension,
i diarrh
Cuoco et al. (2006)(37] 6l (diagnostic criteria irregular bovlfel or decrease of presence of symptoms (p<0.05) observed after
evaluated using a four-level score scale treatment
not reported)

Gl, gastrointestinal; nr, not reported; IBS, irritable bowel syndrome; CDAI, Crohn'’s Disease Activity Index; GSS, global symptom score; NERD, non-erosive reflux disease; VAS, visual analogue scale; ne, not possible to extract
data. *, not possible to calculate 95% Cl.

Table 4.5.13 Synopsys of evaluation of symptoms in patients with SIBO after therapy in the studies included in the

meta-analysis (continued).

- N N N Symptoms evaluated Symptom Response
Authors Clinical Setting Diagnosis of IBS . Jing to the Author definiti ding to the Author definiti
Upper or lower abdominal pain, bloating,
tenesmus, straining, stool frequency and
6l ::::;:":::é::::;:sframtﬁ: four- GSS significantly reduced in the rifaximin group, while it remained practically unchanged
D’Inca et al. (2007)[38] (uDD) nr level score scale (no symptoms, mild, after placebo administration (p<0.005); a similar result was observed when symptoms
l * were evaluated according to the VAS
moderate, and severe); a GSS was
calculated; a VAS was used to evaluate the
overall treatment efficacy
Chronic diarrhoea, upper abdominal pain,
Yes Io\:/er abdor:idnal pairl|;a t;naesmu'sl; palin to
- palpation, abdominal ing, flatulence, ) . N
Esposito et al. (2007)[39] Gl (d |:v‘|(r)::z :‘:;e)na reduced body welght, nausea. steatorrhes, ymptom baseline in patients (p =0.004)
megaloblastic anaemia, stipsis, fever, others;
GSS by means of VAS
Abdominal discomfort/pain, bloating,
. Extra Gl flatulence, constipation, and diarrhoea A significant improvement in abdominal discomfort (p<0.01), bloating (p<0.01), and
Laurtano et al. (2007)[40) (Hypothyroidism) nr assessed by a four-point scale (absence, flatulence (p<0.01) was observed in the eradicated patients
mild, moderate, and severe
Symptom assessment, and an overall score
Majewski et al. (2007)[41] Gl (Romerle(s:!iteria) ::;a; nmﬁa?’p:ﬁtﬁ;“ﬁ::::"g?sf:fm':n d Improvement in overall symptom score was observed in 87.5% (95% Cl: 52.9 to 97.8)
after therapy
g : » After therapy, among patients with diarrhoea, 85.7% (95% Cl: 60.1 to 96) of patients
Yes§ Bloating, gas, abld‘""'"a' pain, and bowel stated that 't,lymy had frr?provemen( in their symptom sc(ore > 50%; among p)atieg's with
Majewski et al. (2007)[42] Gl (diagnostic criteria movengnts evaluated using %&pon:t xal? either gas and bloating or constipation, 33% (95% Cl: 9.7 to 70) had improvement
not reported) (ar;odns—:‘;‘::)b ing or absent, mild, moderate; between 50% and 75%, and 50% (95% CI: 18.8 to 81.2) an improvement between 25%
and 50%. 16.7% (95% Cl: 3.0 to 56.4) had no response to treatment
Chronic diarrhoea, abdominal pain either in
Resmini et al. (2007)[43] e nr the upper or lower part, meteoris_m, Disappearance of symptoms in 60%° of the treated patients
(Acromegaly) flatulence, nausea, tenesmus, weight loss,
ipation, and fever
Yes§
Scarpellini et al. (2007)[44] Gl (Rome Il Criteria) nr nr
Gl, gastrointestinal; nr, not reported; IBS, irritable bowel syndrome; GSS, global symptom score; UDD, uncomplicated diverticular disease; VAS, visual analogue scale; ne, not possible to extract data.

§, part of the patients enrolled in the study presented IBS.
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Table 4.5.14 Synopsys of evaluation of symptoms in patients with SIBO after therapy in the studies included in the

meta-analysis (continued).

Authors

Clinical Setting

Diagnosis of IBS

Symptoms evaluated
ding to the Author definiti

Symptom Response
ding to the Author

Yang et al. (2008)[45]

Gl

Yes
(Rome | Criteria)

Percent improvement in IBS (number of
participants with improvement of greater
than 50%)

69% (95% Cl: 58.5 to 77.9) of patients treated with rifaximin had a clinical response

Parodi et al. (2008)[46]

Extra Gl
(scleroderma)

nr

Diarrhoea, upper and lower abdominal
pain/discomfort,  bloating,  abdominal
tenderness, nausea, emesis, dysuria,
tenesmus, fever, generalillness each carrying
ascore from 0 (no symptoms) to 3 (severe); a
GSS was calculated

Eradicated patients had a significant decrease in the median GSS score (p<0.05)

Parodi et al. (2008)[47]

Extra Gl
(Rosacea)

nr

Diarrhoea, upper and lower abdominal
pain/discomfort,  bloating,  abdominal
tenderness, nausea, emesis, dysuria,
tenesmus, fever, general illness assessed
using a score from 0 (no symptoms) to 3
(severe); a GSS was calculated

Eradicated patients had a significant decrease in the median GSS score (p=0.02)

Lauritano et al. (2009)[48]

Gl

Yes®
(Rome Il Criteria)

nr

nr

Parodi et al. (2009)[49)

Yes®
(Rome Il Criteria)

Diarrhoea, upper and lower abdominal
pain/discomfort,  bloating,  flatulence,
abdominal tenderness, weight loss, nausea,
constipation, and tenesmus assessed using a
score from 0 (no symptoms) to 3 (severe); a
GSS was calculated

The median symptom severity score si (>50%) in
patients as compared with the not eradicated ones (p<0.001)

Gl gastrointestinal; nr, not reported; IBS, irritable bowel syndrome; GSS, global symptom score; VAS, visual analogue scale; ne, not possible to extract data; 5, part of the patients enrolled in the study presented IBS.

Table 4.5.15 Synopsys of evaluation of symptoms in patients with SIBO after therapy in the studies included in the

meta-analysis (continued).

Symptoms evaluated

Symptom Response

Authors Clinical Setting Diagnosis of IBS ding to the Author defi a ing to the Author defi
According to their intestinal habits, patients
were divided into a constipation-variant,
Yes diarrhoea-variant or alternated alveus- | In i patients, a reduction of the
Peralta et al. (2009)[50] Gl (Rome i Criteria) variant; the severity of the alveus | score was achieved (p = 0.003); on the contrary, in non-eradicated patients no change
disturbances was scored according to a 5- | in the symptomatological score was observed (p = not significant)
point semi-quantitative scale (0 = none; 1 =
ini 2=mild; 3 =moderate; 4 = severe)
3::; ';i:;:’gﬁ:;:;ﬂ::ré:x‘;:‘;ﬂ:’;f’ Clinical improvement (> 50% GSS) was observed in 86.9% (95% Cl: 67.9 to 95.5) and
tendemness, weight loss, nauses, 91.1% (95% CI: 77.0 to 97.0) of eradicated cases in rifaximin and rifaximin-plus-partially
Furnari et al. (2010)[51] Gl nr consupan’o; e te"es’;ms asse’ssed usinga (p=0.677); among patients who did not obtain
score from 0 (no symptoms)to 3 (severe); a eradication, clinical improvement was observed in 7.1% (95% Cl: 1.3 to 31.5) and 16.6%
€5 was calbulated 4 (95% Cl: 3 to 56.46) respectively (P = 0.521)
Lauritano et al. (2010)[52] Gl nr nr nr
Yess :::;:;E"‘Y':‘:n du;::(;\i;’apﬁn%e;::‘rg In eradicated patients, bloating was improved or absent in 90%°, diarrhoea in ?4%', and
Lombardo et al. (2010)[53] Gl S = 2 2 abdominal pain in 92%° of the cases; in non-eradicated patients, bloating was improved
(csee W Coltestn} wessend ushig /4:point scalle febsence, mild, or absent in 30%°, diarrhoea in 35%°, and abdominal pain in 20%° of the cases
moderate, and severe) ! !
Cerda et al. (2012)[54] Gl (Rome :Ieériteria) ne ne
Bloating, diarrhoea, flatulence, abdominal
pain and overall well-being. The symptom
severity as well as changes in overall well-
being assessed on a 11-point Likert scale, y i s
Meyrat et al. (2012)[55] Gl (Rome :Iezmeria) where 0 corresponded to absence of i:;::{::ﬁi?nfde(’ c:r’;\gllesh)on Of therapy & significant reduction in all the assessed
symptoms or no reduction in overall well- psid
being and 10 corresponded to most severe
symptoms or severe reduction in overall well-
being
Extra Gl
Fasano et al. (2013)[56] (Parkinson’s ns ne ne
disease)

Gl, gastrointestinal; nr, not reported; Il

BS, irritable bowel syndrome; GSS, global symptom score; VAS, visual analogue scale; ne, not possible to extract data.
5, part of the patients enrolled in the study presented IBS.
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Table 4.5.16 Synopsys of evaluation of symptoms in patients with SIBO after therapy in the studies included in the
meta-analysis (continued).

. N N N Symptoms evaluated Symptom Response
Authors Clinical Setting Diagnosis of IBS ding to the Author - ding to the Author
Excluded I1BS
Boltin et al. (2014)[57] 6l patients ua’ccordmg Bloating, flatulence No patients repor;le:;ia:ir’\‘yg r::gﬁr:teu :J: r‘r':eesolumn for either
Rome Il criteria
Chedid et al. (2014)[58] Gl Yest nr nr
(Rome Ill Criteria)
& % 4 Among IBS patients treated with rifaximin 46.7% (95% Cl. 37.4 to 56.2) had a complete
Moraru et al. (2014)[59] Gl vesh Severity (using a Likert scale) and type of 1BS respoﬁse, 3')13.4% (95% C1. 23.3 t0 40.8) had a part(ial response, and 21.)996 (95% C1 .p15.1
(Rome il Criteria) symptoms
t030.7) had no response
Upper Gl symptoms using SF-LDQ + bloating,
ExtraGl flatulence, abdominal pain, diarrhoea and

Gravina et al. (2015)[60] ns constipation using a questionnaire assessing nr
(Rosacea) -
frequency and severity of each symptom

during the last two months

Gl, gastrointestinal; nr, not reported; IBS, irritable bowel syndrome; GSS, global symptom score; VAS, visual analogue scale; ne, not possible to extract data; SF-LDQ, Short-Form Leeds Dyspepsia Questionnaire.

5, part of the patients enrolled in the study presented IBS.

Table 4.5.17 Meta-regression of adverse events rates*.

Covariate Number of Studies Coeffident 95% CI p value

RCT B ref

No RCT 13 -1.577 -2.484 to -0.670 0.002

Dosage of rifaximin 17 0.0005 -0.0009 to 0.0018 0.446

Duration of treatment 17 0.026 -0.059t0 0.11<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>