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SUMMARY. In patients with gastroesophageal reflux disease (GERD) and erosive esophagitis, treatment with
proton pump inhibitors (PPIs) is highly effective. However, in some patients, especially those with nonerosive reflux
disease or atypical GERD symptoms, acid-suppressive therapy with PPIs is not as successful. Alginates are medi-
cations that work through an alternative mechanism by displacing the postprandial gastric acid pocket. This study
performed a systematic review and meta-analysis to examine the benefit of alginate-containing compounds in the
treatment of patients with symptoms of GERD. PubMed/MEDLINE, Embase, and the Cochrane library electronic
databases were searched through October 2015 for randomized controlled trials comparing alginate-containing com-
pounds to placebo, antacids, histamine-2 receptor antagonists (H2RAs), or PPIs for the treatment of GERD symp-
toms. Additional studies were identified through a bibliography review. Non-English studies and those with pediatric
patients were excluded. Meta-analyses were performed using random-effect models to calculate odds ratios (OR).
Heterogeneity between studies was estimated using the 7 statistic. Analyses were stratified by type of comparator.
The search strategy yielded 665 studies and 15 (2.3%) met inclusion criteria. Fourteen were included in the meta-
analysis (/V = 2095 subjects). Alginate-based therapies increased the odds of resolution of GERD symptoms when
compared to placebo or antacids (OR: 4.42; 95% CI 2.45-7.97) with a moderate degree of heterogeneity between
studies (2 = 71%, P = .001). Compared to PPIs or H2RAs, alginates appear less effective but the pooled estimate
was not statistically significant (OR: 0.58; 95% CI 0.27-1.22). Alginates are more effective than placebo or antacids
for treating GERD symptoms.
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INTRODUCTION

Approximately 25% of the Western population has
symptoms of gastroesophageal reflux disease (GERD)
at least weekly.! GERD also is among the most fre-
quent reasons for outpatient gastroenterology consul-
tation.” Current professional guidelines recommend
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medical management of GERD primarily with proton
pump inhibitors (PPIs),*# the most effective therapy
for erosive esophagitis.’ In some patients with GERD
symptoms, especially those with nonerosive reflux dis-
ease (NERD), suppression of gastric acid with PPIs is
not as effective.’

An alternative approach to manage symptomatic
GERD is to impede the flow of acidic refluxate.
Alginic acid derivatives, or alginates, treat GERD via
a unique mechanism by creating a mechanical barrier
that displaces the postprandial acid pocket.® In the
presence of gastric acid, they precipitate into a gel and
form a raft that localizes to the acid pocket in the prox-
imal stomach.” Although available in many countries
over-the-counter for several decades, often in combi-
nation with antacids, this class of medications recently
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has been the focus of renewed research interest.® By
providing an impediment to distal esophageal acid
exposure, alginates may be superior to other mea-
sures or particularly useful as an additional option
for patients with GERD not responding to antisecre-
tory therapy. In this study, we aimed to determine if
alginate-containing compounds are an effective treat-
ment for patients with symptomatic GERD.

MATERIALS AND METHODS

Literature search

Articles were identified by searches of
PubMed/MEDLINE, Embase, and the Cochrane
databases through October 2015. Searches were
based on controlled vocabulary including medical
subject heading (MeSH) terms when possible (‘algi-
nates’ and ‘gastroesophageal reflux’). In addition,
relevant keywords and variations of root words
were also included in the search (‘alginate,” ‘alginic,
‘alginic acid,” ‘alginic acid-polyethyl methacrylate,’
‘algicon,” ‘gaviscon,” ‘pyrogastrone, ‘antacid,” ‘antacid
agent,” ‘aluminum hydroxide,” ‘magnesium trisilicate,’
‘sodium bicarbonate drug combination,” ‘gastro-
oesophageal reflux,” ‘gastrooesophageal reflux,’
‘oesophageal reflux,” ‘non-erosive reflux disease,’
‘GERD, ‘GORD, ‘NERD, ‘NORD, ‘endoscopy
negative reflux disease, ‘ENRD’). The search was
conducted by combining terms representing disease
therapies with terms representing the disease itself
(for example, ‘alginates AND gastroesophageal reflux
disease’). Next, the bibliographies of articles included
in the final analysis as well as relevant reviews were
screened for additional articles. Third, the website
ClinicalTrials.gov was searched for additional studies
not indexed in the above databases. Authors of rele-
vant studies and manufacturers of alginate therapies
(Reckitt-Benckiser, GlaxoSmithKline, and Prestige
Brands) were contacted to inquire about completed
studies not yet published. Two independent reviewers
(DAL and BPR) evaluated articles at the title,
abstract, and full-text review stages. Disagreements
were resolved by consensus.

Data extraction and risk of bias assessment

All randomized controlled trials of alginates in adult
patients (greater than 18 years of age) with GERD and
written in English were included in the review. Exclu-
sion criteria included studies that examined patients
with erosive esophagitis, patients less than 18 years
of age, studies that compared alginate formulations
to each other and studies published as abstracts only.
Using a standardized form, the two reviewers (DAL
and BPR) independently extracted data for inclusion
in the analysis and assessed trial risk of bias using the

Cochrane Risk of Bias Tool.” Any disagreements were
resolved by consensus.

Statistical analysis

Pooled estimates for the effect of alginate-containing
formulations compared with alternative therapies
were computed for the outcome of GERD symptom
relief, which was based on the definition provided in
each study. The primary analyses were stratified by
therapy type. Neither placebo and antacids nor algi-
nates have long-term effects on GERD;!? therefore,
the former were combined as a single comparator
group (temporary acid neutralizing therapy) with algi-
nates. Acid-suppressive therapies (PPIs and H2R As)
were the other comparison group. In one study with
multiple experimental and control arms, groups with
similar active components (alginate and alginate plus
antacid) were combined to create a single pair-wise
comparison (placebo);'! in another multiarmed study,
similar control arms were combined (placebo and
antacid) to create a pair-wise comparison with the
active comparator (alginate plus antacid).'”> Hetero-
geneity was analyzed by calculating the I> measure of
inconsistency and was considered statistically signifi-
cant if > > 50% and P < 0.1 by the Chi-square test.

Pooled estimates were reported as odds ratios
(ORs) derived from a random-effect model, given
the potential for heterogeneity between studies. To
examine potential contributors to heterogeneity, pre-
specified subgroup analyses were performed. Studies
were grouped by geographic location, year of publica-
tion (prior to 1990 and after 1990), number of centers
involved (single versus multicenter) and study dura-
tion (less than or equal to 2 weeks versus 1 month or
greater). Contribution to heterogeneity was assessed
by the I statistic to determine which factors elim-
inated or reduced heterogeneity to a minimal level
(? < 50%). Given the overall small number of studies,
there was insufficient power to assess for reporting
bias using a Begg’s test and it was therefore not
performed.

All statistical analyses were performed using the
STATA software (version 13.0; StataCorp, Col-
lege Station, TX). All components of this study
were exempted from approval by the institutional
review board at the University of Pennsylvania. The
study was indexed within the PROSPERO register
(2015:CRD42015017908).

RESULTS

Article search and identification

The initial database search identified 660 studies;
five additional articles were found through a supple-
mental review (Fig. 1). After evaluating titles and
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Fig. 1 PRISMA flow diagram of article search and identification.

abstracts, 594 studies were excluded. Of the remaining
71 studies, 15 met inclusion criteria after a fulltext
review (Table 1). All studies were randomized con-
trolled trials (RCTs). Ultimately, 14 studies (N = 2095)
were included in the meta-analysis and two separate
comparisons were performed. Alginate-based ther-
apies were compared to either placebo or antacid
therapy in nine studies (N = 900) and to PPIs
and H2RAs in five studies (N = 1195). The single
study that was not included in a meta-analysis eval-
uated cisapride as a comparator, a drug no longer

commercially available in many countries, and one
that does not act via an acid-neutralizing or acid-
suppressive mechanism.'?

All studies evaluated symptomatic GERD response
with improvement defined as either complete resolu-
tion or significant improvement in typical symptoms.

Despite all studies being RCTs, the risk of bias
appeared most prominent with respect to detec-
tion (blinding of outcome assessment), performance
(blinding of participants and personnel), and attrition
(incomplete outcome data) across all studies (Table 2).
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Table 2 Risk of bias assessment for studies included in this systematic review

Allocation
concealment

REVGI

sequence

Blinding of
participants and

Selective
outcome

Blinding of
outcome

Incomplete
outcome data

generation
Antacid and placebo as comparators

personnel

assessment reporting

Beeley and
Warner!!

Stanciu and
Bennet 12

Barnardo
et al.l4

Chevrel
1980%°
Lang and
Dougall'®

Chatfield 7

Giannini
et al.!8

Lai et al.19

Thomas et al.20

00 C 00000 O
900 O0C0O00 O

00000000 @

Proton pump inhibitors and histamine-2 receptor antagonists as comparators

Bennett et al.!
Goves et al.?

Poynard et all3
23

Manabe et al

Pouchain et
et al. 24

Chiu et al. 2

900000
® 0O OO00

00000

0200000 0000 000 O
00 90000 00000000 O
000000 00000000 O

Red — high risk of bias; yellow — uncertain risk of bias; green — low risk of bias

Placebo and antacid therapy as comparators

Alginate therapy was uniformly favored over placebo
or antacids in all studies (Fig. 2). Overall, there was a
statistically significant treatment benefit for alginate-
based therapies with an odds ratio of 4.42 (95% CI
2.45-7.97). When excluding those studies with the
largest treatment effects,'*!> the overall estimate did
not change significantly. The heterogeneity between
these studies was moderate (I> = 71%, P = .001).

We subsequently explored this heterogeneity
through subgroup analyses. Geographic region
(Europe versus Asia) and year of publication assessed
by before or after 1990 did not account for the het-
erogeneity as results were stable by geographic region
and over time. Study setting defined by single center
or multicenter did not account for the heterogeneity.
Study duration may have accounted for some of the
heterogeneity as there was less heterogeneity when
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Author Year
Thomas et al 2014
Lai et al 2006
Giannini et al 2006 =1
Chatfield 1999
Lang and Dougall 1989 —
Chevrel 1980
Barnardo et al 1975

Stanciu and Bennett 1974
Beeley et al 1972

Overall (I-squared = 70.5%, p = 0.001)

NOTE: Weights are from random effects analysis

OR (95% Cl) Weight

17.97 (6.15, 52.51) 10.51

—_— 3.07 (1.25,7.57) 11.70
—«— 3.86(1.81,822) 1273
—.— 157 (0.77,3.20)  13.03
S 10.16 (3.74, 27.58) 11.02
— 1.39 (0.52,3.74)  11.09
| ——
.
:

————%———— 17.64 (4.44,70.07) 8.56
2.85(0.94,8.66) 10.25
4.89(1.83,13.07) 11.12

4.42 (2.45,7.97) 100.00

T
5
Favors Placebo or Antacid

Favors Alginate

Fig. 2 Forest plot of meta-analysis for alginate therapy versus placebo or antacid.

combining only those studies (N = 3) lasting longer
than 2 weeks (I” = 57%, P = 0.10).

Proton pump inhibitor and histamine-2 receptor
antagonist as comparators

Five studies evaluated alginate benefit versus acid-
suppressive therapy with PPIs or H2RAs (Fig. 3). In
four, alginate was compared against PPIs, while in the
fifth a H2RA was the comparator. Measured against
these comparators, alginates are not favored (OR:
0.58; 95% CI 0.27-1.22) but there was a high degree of
heterogeneity (I> = 82%, P < .001). There were too few
studies to assess if specific subgroups accounted for
the heterogeneity. When excluding the only study to
examine H2R As against alginates, the meta-estimate
did not change significantly. Those studies published
within the last 5 years (N = 3 studies) demonstrated
less difference between therapies (OR: 0.88, 95% CI
0.61-1.26) with no heterogeneity (> = 0%, P =
. 37)_23725

DISCUSSION

This systematic review and meta-analysis provide a
comprehensive estimate of the utility of alginate-based
therapy in the management of adults with GERD
symptoms. The pooled data from the clinical trials
demonstrated that alginates are superior to placebo
and antacids for controlling GERD symptoms in
adults. In addition, we found that when compared to
acid-suppressive therapy with PPIs or H2R As, algi-
nates alone appeared less effective but the pooled esti-
mate was not statistically significant. While current

treatment guidelines recommend the use of acid sup-
pression as first-line therapy for patients with chronic
GERD symptoms, many patients have only intermit-
tent or mild symptoms. Our study suggests that algi-
nates alone provide superior benefit over antacids and
therefore they could be considered as an initial treat-
ment for patients with mild GERD symptoms for
whom chronic acid suppression was either undesirable
or deemed unnecessary.

Alginate-based compounds have been available for
several decades. In the United States, they are typically
sold under the brand name Gaviscon in both tablet
and liquid formulations, which are available without
a prescription. These products cite their active ingre-
dients as aluminum hydroxide and magnesium trisil-
icate or magnesium carbonate, respectively. Alginic
acid is listed as an inactive ingredient. The brand name
Gaviscon, however, is used to market alginate-based
therapies in a number of other countries including
Canada and throughout Europe. Formulations like
‘Gaviscon Acid Breakthrough’ in Canada lists alginic
acid as an active ingredient, similar to ‘Gaviscon
Advance’ in the United Kingdom. Recently, there
has been a resurgence of interest in alginates as a
therapy for GERD, including for patients with con-
tinued symptoms despite acid suppression therapy.®

A previous narrative review published in 2000
summarized the literature on alginate therapy.”® The
review suggested superiority of alginates compared
to placebo with at least equal efficacy compared to
conventional antacids, although it was not limited
to clinical trials. A 2006 meta-analysis favored algi-
nate therapy over placebo.”’” However, Tran et al.
included only three studies, all of which compared
placebo to an alginate—antacid combination and thus
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Author Year
'
|
Chiu et al 2013 e
‘
Pouchainetal 2012 ——

Overall (I-squared = 82.0%, p = 0.000)

OR (95% Cl) Weight
1.11(0.62,1.99)  23.36
0.68 (0.41,1.13)  24.12

0.58 (0.27, 1.22) 100.00

Manabe et al 2012 —_— 1.24 (0.41, 3.76) 16.96
|
:
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i
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Bennett et al 1988 < r 0.23 (0.04, 1.31) 10.92
I
|
I
I
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NOTE: Weights are from random effects analysis

T T
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Favors PPl or H2RA

T
2

Favors Alginate

Fig. 3 Forest plot of meta-analysis for alginate therapy versus proton pump inhibitors or histamine-2 receptor antagonists.

may have overestimated the treatment effect of algi-
nates. Several individual studies have been published
since that time further evaluating the role of alginates
compared to placebo and antacids as well as investi-
gating alginates versus acid-suppressive therapy with
PPIs.!8-20-23-25 Therefore, we performed an updated
systematic review and meta-analysis.

We evaluated the benefit of alginates compared
to other forms of medical therapy for symptomatic
GERD. We excluded studies of erosive esophagitis,
for which PPIs are clearly indicated as first-line
therapy.”®? All studies included in our analysis
required patients to have typical symptoms of GERD,
but entrance criteria for many did not require
endoscopy or ambulatory pHmetry. Therefore, it is
likely that some of the patients in these studies
had erosive esophagitis. It is expected that algi-
nate therapy would be less effective for erosive
esophagitis and as such we may have under esti-
mated the therapeutic benefit relative to placebo or
antacids.

An earlier meta-analysis found PPIs modestly
beneficial compared to H2RAs and prokinetics for
endoscopy-negative reflux disease;’® our analysis
slightly favors PPIs compared to alginates, though
the results were not statistically significant. In con-
trast, in both of the studies that compared alginates to
PPIs among patients with endoscopy-negative reflux
disease alginates were slightly favored but this did
not meet statistical significance.”®>?> While increasing
evidence points to alginates displacing the postpran-
dial acid pocket and inhibiting acid exposure in the
esophagus, the precise mechanism of action of algi-
nates remains uncertain.®3! Patients with nonerosive
reflux and GERD symptoms may be deriving addi-
tional benefit through mechanical or other mecha-
nisms independent of displacing or neutralizing the
acid pocket.

Among the strengths of the current study is the
more robust pooled estimate versus the previous work.
The majority of clinical studies on alginates are Euro-
pean so we performed an Embase search, which
includes in-depth indexing of pharmaceuticals as well
as a richer source of European journals than MED-
LINE/PubMed alone.?> Also, we compared alginates
and combination alginates plus antacids to placebo
and antacids alone, respectively, to assess for the effect
of the alginate. While some formulations of alginate-
containing therapies include an antacid, there is no
evidence that antacids significantly improve GERD
beyond immediate and temporary symptom relief and
alginates themselves have only minimal acid neutral-
izing effects.!”33 Adding an active ingredient as a com-
parator might be expected to diminish the difference
in measured efficacy of the two treatments. However,
the benefit of alginates was substantial and indepen-
dent of whether antacids were part of the alginate
formulation.

We observed heterogeneity in the results of the
clinical trials. Some differences between studies were
evident such as criteria used for diagnosing GERD.
This is not entirely unexpected given that included
studies were performed over the course of more than
40 years. However, severity of GERD symptoms
was moderate to severe and mostly similar between
studies, even when comparing those performed prior
to and following publication of the Montreal Con-
sensus requiring typical symptoms of heartburn and
regurgitation to occur at least 2 days per week.*
Study duration may have accounted for some of the
observed heterogeneity in studies comparing alginates
to placebo or antacids. This may relate to the transient
efficacy of placebo and antacids in clinical trials. The
response rate of placebo- or antacid-treated patients in
trials with durations greater than 2 weeks was approx-
imately 31% as compared to 56% among trials that
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were two weeks of duration or less. In contrast, the
overall response rate in the active treatment arms was
relatively similar regardless of treatment duration.

Across studies, there were small differences in
endpoints with most evaluating for either subjec-
tive improvement or complete elimination in global
GERD symptoms, though some evaluated for more
specific findings such as regurgitation or pregnancy-
related reflux. As a result, it is not possible to deter-
mine which population is definitively most likely to
benefit from alginate therapy. Instead, our data pro-
vide more general support for the value of alginates,
particularly with renewed interest in minimizing PPI
usage.’® Further trials are needed to focus on whether
there is an adjunctive benefit to adding alginate for
those already on acid suppression or if there is a
specific patient group for whom alginates are most
effective.

In summary, data from the available clinical trials
support the efficacy of alginates for the treatment of
symptomatic GERD. They were superior to placebo
and antacids. These data also support the need for
larger randomized controlled trials of alginates plus
PPIs to test their efficacy as an adjunctive agent
in patients on acid suppression with incomplete
symptom control.
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