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Abstract 

Background: Treatment of erosive gastroesophageal reflux disease (eGERD) centers on control of acid pH using proton pump inhibitors (PPI), 
histamine 2 receptor antagonists (H2RA) and antacids (AA). However, the presence of bile and serine proteases in gastric refluxate, not addressed by 
PPI, H2RA or AA, is suspected to be associated with onset of Barrett’s esophagus and rise of esophageal adenocarcinoma. Pre-polymerized sucralfate 
barrier therapy (PPSBT) recognized first by US FDA as a medical device has enhanced bio adherence and blocks access of acid and non-acid irritants 
to the mucosa.

Aim: To evaluate the efficacy of mucosal protection by PPSBT for the treatment of erosive GERD. 

Methods: In a 28 day statistically powered, multi-center randomized double-blind placebo controlled trial, 19 patients with eGERD were 
randomized to receive PPSBT or placebo. Antacids were available to each group for breakthrough pain. Treatment effect on erosions and eGERD 
symptoms (heartburn & reflux sensation) were evaluated. Adverse events were assessed.

Results: For patients taking PPSBT, 89% and 78% had relief of heartburn and reflux respectively compared to 25% and 12.5 % of those on 
placebo. Complete healing occurred in 89% taking PPSBT compared to 25% of those on placebo. No adverse events occurred. 

Conclusions: Enhanced mucosal protection by PPSBT demonstrates effective symptom control and erosion healing in patients with eGERD. 
Acid-indifferent cytoprotection from acid, bile and serine proteases by PPSBT may be a useful adjunct in management of eGERD, and a return to the 
past for the future.

Summary Box

What is already known about this subject:

a) Acid irritation is believed to be the sole concern for managing erosive GERD

b) Erosive GERD is best managed by proton pump inhibitors

c) Sucralfate has no role in the therapeutic management of erosive GERD

What are the new findings: 

a. Acid, bile acids and proteases are co-equal irritants for erosive GERD

b. Proton pump inhibitors do not address bile acids and proteases

c. Standard sucralfate is too weak to address acid, bile acids and proteases

d. FDA recognized pre-polymerized sucralfate barrier therapy effectively excludes acid, bile acids and proteases from esophageal mucosa in 
erosive GERD
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Introduction

The first regulated use of sucralfate in humans was in 1968 in 
Japan [1], followed by the US in 1982 [2], both for the treatment 
of duodenal ulcer. Advent of sucralfate suspension in the US [3] 
in 1992 supported an undercurrent of off-label use of sucralfate 
for erosive gastroesophageal reflux disease (GERD). However, 
sucralfate was relegated to the sidelines of therapeutic options for 
GERD by 1994, due to sucralfate’s lack of substantial clinical effect, 
compared to the efficacy of ranitidine, famotidine, nizatidine (each 
histamine-2 receptor agonists (H2RA) and the introduction of 
omeprazole, the first proton pump inhibitor (PPI) which was more 
effective than H2RA’s for GERD. In 2005, the US FDA recognized 
an alternative form of sucralfate, pre-polymerized sucralfate [4] 
and then 9 years later in the 2014 Digestive Disease Week (DDW) 
of American Gastroenterological Association, data from two 
randomized controlled trials was published in abstract form and 
showed that pre-polymerized cross-linked sucralfate was safe and 
effective for both erosive GERD and non-erosive gastroesophageal 
reflux disease (NERD) [5]. Outcomes of each randomized controlled 
trial demonstrated unexpectedly large and statistically significant 
treatment efficacy. 

Of the two trials reported in the 2014 DDW, one was a 42 
patient 7 day randomized 3-way active controlled trial assessing 
the rapidity of relief and healing of erosive GERD. In that study, 
previously reported in this journal [6], PPSBT was found more 
effective with rapid healing of eGERD and an equivalence 
in symptom relief. The second trial was 28 day randomized 
controlled, double-blinded involving both erosive GERD and 
NERD patients. This report provides the narrative regarding 
the 19 erosive GERD patients of that trial using pre-polymerized 
cross-linked sucralfate versus placebo. The remaining trial data 
submitted elsewhere [7] was a 42 patient 28 day randomized 
double blind placebo controlled trial for undifferentiated non-
erosive reflux disease (NERD). Undifferentiated NERD is a cohort 
of patients with functional heartburn, esophageal hypersensitivity 
and classic NERD. Symptoms and signs from gastroesophageal 
reflux disease, whether erosive or non-erosive, arise from mucosal 
reaction to a backwash of gastric refluxate. Physiologic reflux is 
asymptomatic and presumably occurs without histomorphological 
consequences. However, according to some [8,9], the presence of 
heartburn sensation likely heralds the advent of histomorphologic 
changes. Whether physiologic reflux (a) causes heartburn 
episodes (esophageal reflux hypersensitivity syndrome), (b) 
is unrelated heartburn episodes (functional heartburn) or (c) 
whether abnormally frequent reflux causes heartburn with 
grossly intact mucosa (NERD) or grossly eroded mucosa (erosive 
GERD), histomorphologic alterations in the esophageal mucosa 
are identifiably present [8, 9]. Furthermore, symptom perception 
has been linked to the loss of mucosal integrity [10-12]. Therefore, 
even patients with esophageal reflux hypersensitivity syndrome 
have a physiologic breach of the epithelium on a cellular level 
(sense it can be perceived by the patient) [12,13], even though 
there may be no grossly visible histological changes. These  

 
mucosal alterations (both cellular and histological) are facilitated 
by a mucosal immune reaction [14-17] involving pro-inflammatory 
cytokines [18, 19] and can present as dilated intercellular spaces 
within the esophageal epithelium [8, 20]. Dissolved conjugated bile 
is equally culpable as acid [21-24], can cause intercellular dilation 
[25, 26], and is generally responsible for both mast-cell mediated 
upregulation of pain receptors in the lower esophagus [27] as well 
as cytokine-driven inflammation from reflux [19]. These alterations 
in immuno-homeostasis and changes in histomorphology give rise 
to higher transepithelial permeability and lower extracellular 
impedance observed in the esophagus of patients with functional 
heartburn, GERD and NERD [12]. 

Regardless of its clinical classification, clearly symptomatic 
esophageal reflux is a barrier integrity problem. Therefore, 
effective barrier therapy is a logical alternative step. First 
generation sucralfate prescribed at the normal 14mg per kilogram 
dose cannot amass a gastroesophageal barrier effective enough 
to provide timely symptomatic relief for NERD or timely healing 
and relief of erosive GERD. At ingestion, regular sucralfate (tablet 
or suspension) is biologically insert, polymerized by gastric acid 
into its active biological form [28]. Then following ingestion and 
polymerization, it is excreted from the colon chemically unchanged 
within 48 hours in an amount that is 95-98% the original dose [29]. 
Due to its poor clinical performance and the ready availability of 
acid-controlling therapies, regular sucralfate is excluded from most 
management guidelines for GERD [30-33]. Yet findings from early 
basic science research on sucralfate portended an alternative view, 
a view that posed sucralfate as a potentially transformative therapy. 
From 1982 through 1995, in parallel to approved clinical uses of 
sucralfate were translational medicine research on the physiologic 
basis for sucralfate’s cytoprotective healing. Early observations, 
well chronicled by Hollander and Tygat [34], pertain to the nature 
of sucralfate interaction with the mucosa. There are at least three 
reasons why sucralfate was deemed an all-purpose cytoprotectant 
for the GI tract. Firstly, its binding target is not bare epithelium, but 
mucin within the mucus gel of the epithelial lining [35-37]. Secondly, 
this contact with mucus gel strengthens the gel’s integrity in a dose 
dependent fashion [38], resulting in a multifold enhancement of 
viscosity, a 60% increase in its hydrophobicity which in turn causes 
decreased permeability of hydrogen ions (acid) [39], of cations (e.g., 
calcium) [40], of bile acids [41] and inhibits endogenous proteases 
(pepsin) [42] and exogenous (h.pylori) mucolytic proteases [43,44]. 
Thirdly, associated with partially dissolved and partly polymerized 
(that is, large focal concentrations of) sucralfate, endoscopic 
examination revealed near-immediate histologic, ultrastructural 
and functional changes within the mucosal epithelium, attributed 
solely to physical contact with sucralfate [45,46]. These changes 
diminished circumferentially at radial distances from the partially 
dissolved tablet. By sucralfate’s non-chemical physical engagement 
of mucin covering the epithelium, from 5 to 60 minutes, there is 
increased mucin release, increased luminal release of prostaglandin 
E2 and signs of epithelial cell renewal generally centered at the 
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physical site of contact with partially polymerized, partially 
dissolved, but firmly adherent, sucralfate tablet [45]. 

The reason these rapid and dramatic mucosal changes 
observed at that time but did not translate into significant clinical 
outcomes is that experimental doses used in these investigations 
were 5-10 fold that of the 14mg per kilogram dose generally 
permitted by drug regulators for clinical practice, hence at regular 
dosing, significantly less surface concentrations of sucralfate can 
be achieved. This implies that an adequate mucosal barrier can be 
achieved if the surface concentration of sucralfate is augmented 
several fold beyond that possible with regulatory dosing of 14mg 
per kilogram. Gastric acid polymerized sucralfate can physically 
enhance properties of mucin within the mucus gel, if sufficient 
increased oral doses could be given or tolerated. However, at 
regulatory doses of 14mg per kilogram per dose four times daily, 
gastric acid polymerized sucralfate is quantitatively inadequate 
and structurally vulnerable to water hydration, diluting it and 
thereby limiting surface concentrations of sucralfate. Alternative 
polymerizations of sucralfate that are more resilient to water 
hydration permit augmented accumulation of sucralfate within the 
mucus gel. At three hours post-administration, pre-polymerized 
cross-linked sucralfate barrier therapy (PPSBT) maintains a 
sucralfate concentration that is 800% greater on normal mucosa 
and 2,400% greater on injured/eroded mucosa (discussed in 
Methods). This innovation enables an administered dose of PPSBT 
(containing 1.5 of sucralfate) to achieve mucosal concentrations 
of sucralfate similar to those likely to have occurred in the basic 
science studies of Tarnawski, et al. [45] and Slomiany, et al. [38, 39] 
wherein sucralfate doses was more than 5 fold the standard dose of 
14mg per kilogram.

This report provides the narrative of data published previously 
in abstract form [5] and demonstrates the clinical effects of pre-
polymerized sucralfate barrier therapy on erosive GERD in a 
controlled setting.

Methods
Objectives and hypotheses

The main objective of this trial was to assess the effectiveness 
and safety of pre-polymerized sucralfate barrier therapy suspension 
in the healing and symptomatic relief of erosive GERD. In this trial 
placebo was used as a comparator which is optimal in testing the 
efficacy of any new treatments [47]. 

Ethics and trial registration

The trial was registered at Medical Research Council of 
Bangladesh (BMRC) [48] who provided institutional review of its 
protocol. Patients provided written informed consent to participate 
in the trial in accordance with the Declaration of Helsinki. 

ISO 14155 compliant clinical investigation of medical 
device

For scientific transparency in the evaluation of medical devices 
[49], the current study was designed to be compliant with current 

ISO 14155 standards which addresses good clinical practice for the 
design, conduct, recording and reporting of clinical investigations 
carried out in human subjects [50]. The current trial assesses the 
safety and performance of Esolgafate as a barrier therapy medical 
device for GERD. Safety of sucralfate-based products is well 
documented and has been established since 1968 [29]. Identified 
herein are rules and procedures for data collection, statistical 
power of the study and rationale of sample size. Recruitment 
of participants, randomization, concealment and allocation of 
interventions were performed in a manner to minimize bias, ensure 
collection of objective and credible data and support the overall 
goal of protecting patients’ safety and well-being.

Study design

The study was designed as a randomized double-blind placebo-
controlled trial with allocation ratio 1:1. Each of the two study arms 
received identically mark bottles containing a white suspension 
identical in color and flavor. One intervention contained pre-
polymerized sucralfate barrier therapy (PPSBT) suspension, while 
the other, placebo, contained no sucralfate.

Setting and participants

Recruitment of participants took place in three medical center 
clinics where patients received primary and specialty medical care 
services. Eleven gastroenterologists conducted patient recruitment.

Inclusion criteria

Inclusion criteria for male or females, aged between 18 to 58 
years, included dyspeptic symptoms (heartburn which included 
regurgitant reflux, postprandial chest discomfort) occurring 2-7 
times per week for 3 months leading up to the study. There was a 
7 day run in period following upper endoscopy. Included patients 
demonstrate ability to follow protocol instructions and complete 
self-administered questionnaire. All participants had the right to 
withdraw from the study at any time with no obligation to give 
reason for their decision.

Exclusion criteria

Excluded were individuals with Barrett’s esophagus, peptic 
strictures, peptic ulcer disease or those requiring motility altering 
drugs. Also excluded were individuals requiring medication for 
diabetes, hypertension or dyslipidemia. Individuals with alarm 
signs: difficulty swallowing, painful swallowing, gastrointestinal 
bleeding or anemia, weight loss or history of cardiac chest pain, 
history of upper GI tract surgery, of cancer of head and neck and 
upper GI tract were excluded. Patients with known hypersensitivity 
to ingredients of the test treatments were excluded. Women who 
knew they were pregnant or were breastfeeding were excluded. 
Those with difficulty following protocol instructions (diary 
maintenance, keeping follow-up appointments etc) were excluded. 

Randomization criteria

Participants were assigned by simple randomization into one 
of 2 groups, PPSBT or placebo. Simple randomization was aided 
by use of a random number table wherein patients who had been 
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assigned a two digit number from 01 to 70 plus were sequentially 
assigned to one of two treatment groups based on the first digits of 
the random number table being either even or odd.

Interventions

The intervention under investigation include suspension of 
pre-polymerized cross-linked sucralfate (PPSBT) barrier therapy 
and placebo which was identical to PPSBT in color, favor and 
ingredient but contained no sucralfate. Both were manufactured 

by Pharmaco Laboratories Private Limited of Dhaka Bangladesh 
for Mueller Medical International (MMI). Each intervention was 
dispensed by a single hospital pharmacy associated with the 
medical centers responsible for recruitment. The pharmacology 
of PPSBT is relatively new and differs significantly from non-
polymerized sucralfate. The latter form of sucralfate is regulated as 
a drug because of required in situ polymerization by gastric acid 
following ingestion, that is, biologically inert sucralfate. 

Figure 1: Exaggerated Muco-adherence of Pre-Polymerized Cross-linked Sucralfate-3 hours post administration.

Polymerization and cross-linking process for PCLS involves use 
of cationic organic acid and therefore more resistant to hydration 
than sucralfate polymerized by gastric acid. Figure 1 shows that 3 
hours post-administration, PCLS achieves and maintains a surface 
concentration of sucralfate that is 7 fold (or 800%) greater on 
normal mucosa and 23 fold (or 2400%) greater on acid-injured 
mucosa compared to gastric-acid polymerized sucralfate [51]. 
Dosing volume for each intervention was 15ml taken twice daily 
for 28 days. This volume of PPSBT contained 1.5grams of sucralfate 
while the same volume of placebo contained no sucralfate. 

Concomitant medications

Except for the use of antacids, participants were not permitted 
use of any anti-peptic medications. Two 300ml bottles of aluminum 
hydroxide/magnesium hydroxide (400mg/400mg per 10ml) 
were provided to each participant every 7 days of the 28 day trial 
whether or not antacids were used. All used and unused bottles of 
antacids were collected at completion of trial.

Allocation concealment and blinding 

Consecutive randomization numbers were given to 
participants and the study product was packaged and signed by 
consecutive numbers according to the randomization list from 
which participant numbers were generated. Bottles distributed to 
participants contained either pre-polymerized sucralfate barrier 

therapy (PPSBT) suspension or the suspension vehicle for PPSBT 
without sucralfate. Each intervention was identical in color and 
flavor. Participants, outcome assessors and person responsible 
for the statistical analysis were blinded to the intervention until 
completion of the study. Personal information about potential 
and enrolled participants was accessible only to the researchers 
involved in the trial.

Compliance 

Participants were required to bring any remaining study 
product (including empty bottles) and diary to the study site at the 
end of the intervention period. Compliance with the study protocol 
was checked by counting the number of bottles left unused. 
Generally, participants receiving less than 75% of recommended 
doses would be considered as noncompliant [52].

Outcome measures

There were two primary outcome measures, symptomatic relief 
(of heartburn and reflux sensation) and healing. There were two 
secondary outcomes. The first was the emergence of adverse events. 
The second pertain to reliance on use of antacids as measured by 
count of used and unused antacid bottles assessed on a weekly 
basis. Whether required or not, three 300ml bottles of aluminum 
hydroxide/magnesium hydroxide antacid (400mg/400mg per 
10ml) were provided per participant per week at the beginning of 
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Week 1,2,3 and 4. At end of each week patients returned used and 
unused bottles of antacids for examination and a replacement pair 
of bottles were supplied.

Primary outcome – symptomatic relief

One primary outcome was the relief of heartburn and reflux 
sensation. The number and severity of each symptom episode 
were recorded by participant in a dairy as the episode occurred. 
Severity was assessed using a patient graded symptom intensity 
5 point Likert scale, where 0 = absence of symptom, 1 = minimal 
awareness of symptom, easily tolerated, 2 = awareness of symptom, 
bothersome but tolerable without impairment of daily living or 
sleep, 3 = very bothersome interfering but not impairing daily 
living or sleep and 4 = intolerable and impairing daily living or 
sleep. A quantitative score for heartburn (HB), reflux (RR) and 
retrosternal discomfort was calculated by multiplying the number 
of such episodes by severity on the Likert scale. Using patient 
diaries, examiners averaged resultant quantities on a per day 
basis to arrive at a daily symptom specific score. The quantitative 
analysis was performed at end of Week 0, 1, 2, 3 and 4. An outcome 
was deemed positive if there was 50% improvement in the daily 
total symptom scores (a multiple of daily symptom frequency and 
symptom severity) in 28 days of the trial.

Primary outcome – healing

Another primary outcome was healing of erosions. Endoscopies 
were preformed 7 days prior to start of interventions and on the 
29th day following 28 days of intervention use. The Hetzel-Dent 
grading system [53] was used to assess GERD erosions. Complete 
healing occurred with endoscopic absence of erosions on Day 29, a 
Hetzel-Dent Grade 0 or 1, and was rated as complete healing. Partial 
healing was improvement by at least 1 Grade but still above Hetzel-
Dent Grade 1. No healing was noted when there was complete 
absence of improvement in grade of erosions on Day 29.

Secondary outcome - adverse events

Adverse events (AEs) were collected Day 29 prior to endoscopy. 
An AE was defined as a negative medical event occurring during 
the 28 day study period, whether or not related to the study or 
interventions. Severe AE (SAE) were negative medical events 
that resulted in death, was life-threatening occurrence, required 
emergency room care, hospitalization or severe (or persistent) 
disability or incapacitation.

Secondary outcome – antacid use

Reliance on use of antacids was a secondary outcome. Whether 
required or not, three 300ml bottles of aluminum hydroxide/
magnesium hydroxide antacid (400mg/400mg per 10ml) were 
provided per participant per week at the beginning of Week 1,2,3 
and 4. At end of each week patients returned used and unused 
bottles of antacids for examination and a replacement pair of 
bottles were supplied.

Power calculation

The primary outcome of the trial is symptomatic relief and 
healing of erosive GERD. Table 1 provides parameters for sample 
size calculation. Based on the Cochrane meta-analysis involving 
medical treatments for short term management of reflux esophagitis 
[54] healing and symptomatic relief using a proton pump inhibitor 
(PPI) or histamine-2 receptor antagonist (H2RA) occurred roughly 
80% of the time compared to a placebo response of 15%. To be 
relevant in the management of eGERD, PPSBT should be at least 
as effective as PPI or H2RA. Placebo was anticipated to have an 
outcome similar to that reported in Khan, et al. [54]. Thus to detect 
similar differences in this trial having a placebo rate of 15% and a 
PPSBT rate of 80%, where the alpha error is 0.05 and beta error is 
0.2 for a power of 0.80, then the sample size for the study should be 
16 participants with 8 participants per treatment arm. Assuming 
a 20% loss to follow-up and the incidence of erosive GERD among 
patients with dyspepsia, 72 participants were recruited.

Table 1: Statistical Sample Size for Dichotomous Endpoints with 
Two Treatment Arms.

Study Parameters  Calculated Study Trial Size

Alpha 0.05   

Beta 0.2  Placebo 8

Power 0.8  PPBST 8

Anticipated Placebo Response1 15%  Total Trial Size 16

Anticipated PPBST Response1 80%

Khan, et al. [50]

Statistical analysis

All analysis was conducted on an intention-to-treat basis, 
including all patients in groups to which they were randomized for 
whom outcomes would be available (including withdrawals and 
lost to follow-ups). Descriptive statistics were used to summarize 
baseline characteristics. The Student t test was used to compare 
mean values of continuous variables for approximating a normal 
distribution. The chi-square test was used to compare percentages. 
Differences between study groups were considered significant 
when the p value was less than 0.05, when 95% CI for RR did not 
include 1.0 or when the 95% CI for mean difference did not include 
0. All statistical tests were two tailed and performed at the 1% level 
of significance.

Result

Conduct of the trial

A total of 72 patients with dyspepsia recruited by eleven 
gastroenterologists were assessed for endoscopic eligibility for 
the trial resulting in 42 being excluded due to absence of erosions, 
that is, a Hetzel-Dent score of Grade 0 to 1. Another 6 declined to 
participant and 5 had pre-existing exclusionary conditions (Figure 
2). The remaining 19 patients were randomized to 1 of 2 treatment 
arms.

http://dx.doi.org/10.33552/AJGH.2020.02.000528


Academic Journal of Gastroenterology & Hepatology                                                                                                          Volume 2-Issue 1

Citation: Ricky Wayne McCullough. 28 Day Randomized Double-Blind Placebo Controlled Trial using Pre-Polymerized Cross-Linked Sucralfate 
Barrier (Esolgafate) for Erosive GERD. Acad J Gastroenterol & Hepatol. 2(1): 2020. AJGH.MS.ID.000528. DOI: 10.33552/AJGH.2020.02.000528

Page A of 12

Figure 2: Patient flow in 28 day Erosive GERD Trial.

Adequacy of sample size

The study was appropriately powered. Based on the statistical 
power applied to the study design, 8 participants per treatment arm 
were required. All treatment arms had at least 8 participants per 
intervention entered into data analysis for a total of 17 participants.

Participants 

Patients randomized into two treatment arms were comparable 
in age, gender, days per week of heartburn, reflux sensation and 

severity of erosions (Table 2). Patients in PPSBT treatment arm 
suffered from eGERD for an average of 3.9 ± 2.3 years, while those 
in placebo arm suffered eGERD for 3.6 ± 2.1 years. The PPSBT and 
placebo group experienced heartburn and reflux discomfort at the 
same frequency, 100%. Prior to the trial, participants were managed 
with a PPI or PPI plus antacids. Patients were similarly matched 
for presence to hiatal hernia and helicobacter pylori. Helicobacter 
pylori was assessed by endoscopic biopsy from the antrum near 
pyloric ring and along the greater curvature of the corpus.

Table 2: Baseline characteristics of Randomized Patients.

Per Protocol Population PPSBT Placebo

Patients Randomized 10 9

Patients Lost to Follow up 1 1

Patients Enter in Data 9 8

Age, years Avg (sd) 36.2 (±11.6) years old 34.3 (±11.7) years old

Men 5 5

Women 4 3

Years with GERD 3.9 (±2.3) years 3.6 (±2.1) years

Treatment prior to trial
4 PPI alone 5 PPI alone

5 PPI + antacids 3 PPI + antacids

Hiatal Hernia 5 4

H. Pylori by biopsy 6 5

Hetzel- Dent 2 4 5

Hetzel- Dent 3 5 3

No. Heartburn episodes   

per week [Likert Score] 9 out of 9 (100%) 8 out of 8 (100%)

 3 N (%) 2 (22.2%) [L= 3] 2 (25%) [L= 3]

 4: N (%) 2 (22.2%) [L= 2] 1 (12.5%) [L= 3]
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 5: N (%) 3 (36.4%) [L= 2] 2 (25%) [L= 2]

 6: N (%) 2 (22.2%) [L= 3] 3 (37.5%) [L= 2]

No. Reflux episodes per week [Likert Score] 9 of 9 (100%) 8 of 8 (100%)

 3 N (%) 2 (22.2%) [L= 2] 2 (25%) [L= 2]

 4: N (%) 1 (11.1%) [L= 2] 2 (25%) [L= 1]

 5: N (%) 3 (36.4%) [L= 2] 1 (12.5%) [L= 2]

 6: N (%) 2 (22.2%) [L= 3] 2 (25%) [L= 2]

 7: N (%) 1 (11.1%) [L= 3] 1 (12.5%) [L= 3]

 As shown in Table 2, while the majority of eGERD symptoms 
could be sorted into 2 categories (heartburn and reflux sensation), 
not all patients exhibited each category equally. An outcome was 
deemed positive if there was 50% improvement of the daily total 
symptom score which is a multiple of daily symptom frequency and 
symptom severity (Likert scale) over 28 days of the trial.

Compliance of the trial

Compliance across treatment arms was acceptable for both 

PPSBT (90%) and placebo treatment arm (88.9%) due to 1 patients 
lost to follow up from each group. 

Primary outcomes

Relief of heartburn and reflux

Table 3 shows 28 day symptomatic relief of two categories of 
eGERD symptoms using PPSBT and placebo. A positive outcome 
was achieved by 50% improvement of daily total symptom score at 
the end of 28 days. 

Table 3: Symptom Outcome for eGERD over 28 days.

Intervention  PPSBT  Placebo

eGERD Symptoms Heartburn Reflux Composite Heartburn Reflux Composite

Positive Response 8/9 7/9 17/18  2/8  1/8 3/16

 Percent 88.90% 77.80% 94.40% 25% 12.50% 18.80%

Non-responsive % 11.10% 22.20% 5.60% 75% 87.50% 81.20%

The dependence of symptom improvement using PPSBT was 
evaluated by chi-square analysis (Table 4). Yates corrected value 
supported that the relief of heartburn and reflux sensation in 
patients with eGERD was associated with the use of PPSBT but not 
with the use of placebo. The degree of dependence on PPSBT versus 
placebo for symptom relief in eGERD is illustrated in Figure 3. At 

the end of 28 days, patients using PPSBT were observed to have 
significant reduction in heartburn, reflux sensation or composite 
of the same, at 88.9%, 77.8% and 94.4% respectively. This was 
better than that observed in patients on placebo where relief 
from heartburn and reflux sensation was 25% and 12.5% with a 
composite relief of 18.8%. 

Figure 3: Heartburn and Reflux Sensation in 28 day eGERD Trial.

Percent responders and non-responders per symptom group and overall composite relief of eGERD symptoms (heartburn and reflux sensation) 
at Week 4 for the PPSBT and Placebo treatment groups.
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Table 4: Statistical Difference in Outcomes for Interventions.

Symptoms  Heartburn Reflux Sensation Overall Composite

Reflux Sensation PPSBT Placebo PPSBT Placebo PPSBT Placebo

 % Responder 88.90% 25% 77.80% 12.50% 94.40% 18.80%

% Non-responder 11.10% 75% 22.20% 87.50% 5.60% 81.20%

Chi-Square Value 
(Yates corrected) 80.97 85.35 111.4

P Value P = < 0.00001 P = < 0.00001 P = < 0.00001

Significance Level p<0.01 p<0.01 p<0.01

Healing of erosions

Outcome related to healing of erosions is in Tables 5. Notable in 28 days, substantial complete healing occurred in the PPBST group 
(88.9%), while minimal complete healing occurred in placebo group, namely 12.5%. Data in Table 5 is illustrated in Figure 4.

Figure 4: Healing in 28 days.
Percent with complete and no healing at Week 4 for the PPSBT and Placebo treatment groups.

Table 5: Healing following 28 day Treatment with PPBST and Placebo.

Interventions Patients Complete Healing No Healing

PPSBT 9 8/9 (88.9%) 1/9 (11.1%)

Placebo 8 2/8 (25%) 6/8 (75%)

Chi-Square Value (Yates corrected) 80.97

P Value P=<0.00001

Significance Level p<0.01

Secondary Outcomes
Safety and adverse events

All patients took multiple doses of each intervention and were 
included in the safety analysis. Results are presented for the intent 
to treat population. No patients reported adverse events in either 
PPSBT or placebo group.

Dependence on antacids

The dependence of symptom relief on the use of antacids in 
patients using PPSBT and placebo was evaluated by chi –square 
analysis (Table 6). Yates corrected chi-square value supported 

independence of PPSBT-associated relief of required use of antacids 
to supplement symptom mitigation. Use of placebo was associated 
with high use of antacid with 87.5% of dispensed bottles being 
used to alleviate eGERD symptoms (Table 6 and Figure 5). Three 
300ml bottles of aluminum hydroxide/magnesium hydroxide 
antacid (400mg/400mg per 10ml) were provided per participant 
at the beginning of Week 1,2,3 and 4, whether required or not. At 
end of each week patients returned used and unused bottles of 
antacids for examination and a replacement pair of bottles were 
supplied. Antacid use in PPSBT group was minimal with only 
11.1% of dispensed bottles being used. Antacid use in placebo 
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treatment group was 7.9 fold greater than that in PPSBT group. 
PPSBT-associated symptomatic relief was largely independent of 
antacid use. Figure 5 illustrates the data in Table 6, the percent use 

of supplied antacid together with overall composite symptom relief 
in patients in both treatment groups. 

Figure 5: Healing following 28 day Treatment with PPBST and Placebo.
Percent required use of Antacids per treatment group compared to percent overall symptom relief at Week 4 for PPSBT and Placebo treatment 
groups.

Table 6: Antacid Use During 28 day Trial.

Intervention PPSBT Placebo

Patients Completing Trial 9 8

Bottles Issued over 28 days 27 24

Bottles Used 3 21

Bottles Un-used 24 3

Percent Required 11.10% 87.50%

Percent Not Required 88.90% 12.50%

 (Yates corrected) Chi-Square Value 115.53

 P value P< 0.00001

 Significance Level P < 0.01

Discussion

This study on symptomatic relief and healing of erosive GERD 
was a 28 day randomized placebo-controlled double-blind trial 
assessing the efficacy and safety of pre-polymerized sucralfate 
barrier therapy. Efficacy was assessed by endoscopic examination 
of healing and by quantifying relief of heartburn and reflux 
sensation in patients with eGERD. PPSBT is a medical device and 
any clinical evaluation should be ISO 14155 compliant. The trial 
was properly powered with an appropriate sample size of 19 
patients (16 required), 10 patients in the PPSBT treatment arm 
and 9 in placebo arm. The trial was conducted transparently with 
no significant compliance issues among participants. The defining 
traits in each patient group (gender, age, years with disease, 
presence of h.pylori, hiatal hernia, endoscopic findings, severity 
of symptoms) were roughly equivalent for each treatment arm. 
Therefore, by ISO 14155 standards meaningful conclusions on 
outcomes can be made. As to outcomes, use of pre-polymerized 
sucralfate barrier therapy was associated with over 94% composite 

symptom (heartburn and reflux) relief and 89% healing rate over 
28 days. This is slightly better than PPI in terms of symptom control 
and healing when compared to placebo in a control setting [54]. 
Dependence on antacids for rescue or breakthrough symptoms 
was low (11%) in patients using pre-polymerized cross-linked 
sucralfate compared to those using placebo (88%). No adverse 
events were reported throughout the trial, which may be a function 
of the low number of participants. Though not reported in narrative 
format here, similar outcomes were observed for pre-polymerized 
sucralfate in a 7 day head to head study with omeprazole, ranitidine 
and antacids for relief and healing of erosive GERD [6]. In that 7-day 
eGERD study there was complete healing and 20% partial healing 
in the pre-polymerized sucralfate group (1.5 gram bid) compared 
to 30% complete healing and 10% partial healing using omeprazole 
(20mg bid) and no healing in 7 days using ranitidine (150mg 
bid) and antacids (30ml of 400mg/400mg/10ml of aluminum 
hydroxide/magnesium hydroxide). Also in a 28 day randomized 
controlled trial of patients with NERD, heartburn, reflux sensation 
and retrosternal discomfort was 90%, 83% and 88% relieved by 
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pre-polymerized sucralfate compared to placebo rates of 11%, 25% 
and 20% respectively [7]. 

So, is the use of pre-polymerized sucralfate barrier therapy of 
reflux disease a “back to the future” event, a revisit of sucralfate? 
Answering this question necessitates some background review.. 
Sucralfate was first approved for human use in Japan in 1968 
[55] and then later in the US in 1982 [2] as a tablet then in 1992 
as a suspension [3]. From 1968 to 2019 there are more than 214 
registered brands regulated in 69 countries [56]. Whether tablet 
or suspension, prior to administration, sucralfate is biologically 
inert, requiring polymerization by gastric acid (a chemical reaction 
within the body) for conversion into its clinically active form 
wherein it uses a physical mode of action to establish a clinical 
effect. Transmission electron micrographs, scanning electron 
micrographs and unfixed freeze-fractured, and freeze-dried 
electron micrographs demonstrate the sucralfate preferentially 
avoids denuded epithelial cells. It binds to mucous gel in a manner 
so as to span its depth from luminal interface of loose mucin (in a 
decreasing gradient) downward reaching the more firmly adherent 
mucin layer which covers the apical epithelium [37]. Aside from 
class –based gastrointestinal drug-drug interactions (aluminum 
based products), sucralfate has been relatively safe [29] and is 
regulated as an over-the-counter heartburn agent by 13 national 
agencies representing 1.67 billion people [57]. Despite having a 
pure physical mode action bio-inert sucralfate is regulated as a drug 
because it requires a chemical reaction within the body – gastric 
acid polymerization - for conversion into a bioactive clinically 
relevant form. Sucralfate engages mucin without chemically altering 
mucin and itself remains chemically unchanged, with 98% of the 
original dose being excreted from the colon. If present in mucin gel 
in significant concentrations, such as concentrations achievable 
by 5-7 times the allowed 14mg per kg dose, then sucralfate, 
within the resultant sucralfate-mucin electrostatic engagement, is 
associated with real time histologic, ultrastructural and functional 
changes occur within the esophageal epithelium [38,39,45]. Bio-
inert sucralfate used in doses similar to those of basic science 
experiments would likely create a bezoar, or sucralfate concretions 
within the human GI tract [58]. Yet using endoscopic biopsies, 
Tarnawski, et al. [45] clearly demonstrated that a 1 gram dissolving 
gastric-acid polymerized sucralfate tablet lying in contact with a 
5 square centimeter area of intact human gastric mucosa will in 
real time, elicit positive histologic, ultrastructural and functional 
changes in the mucosa. So achieving high mucin gel concentrations 
of polymerized sucralfate is a relevant path to a future wherein 
certain formulations of sucralfate may conceivably offer meaningful 
management options for eGERD.

In response to a device application involving topical use 
of sucralfate polymerized with hydrochloric acid prior to 
administration and use, the US FDA ruled that if bio-inert sucralfate 
is polymerized during manufacture and prior to patient use, then 

the resultant pre-polymerized sucralfate is a medical device [4]. 
Sucralfate polymerized with mineral acid is vulnerable to water 
hydration, while sucralfate polymerized with organic acid and 
subsequently cross-linked, as is PPSBT, is more resilient and is 
much less vulnerable to water hydration. More importantly, and 
more relevant to a ”Tarnawski et al type of sucralfate enteric 
mucosal reaction, is that sucralfate polymerized in a manner similar 
to that used for PPSBT, achieves augmented surface concentrations 
of sucralfate, which are concentrations similar to those illustrated 
in Figure 1. It cannot be over emphasized that the entirety of 
sucralfate’s clinical effect rests solely in the surface concentrations 
achieved and maintained within the mucin gel compartment of the 
mucosal epithelial barrier. A 14mg /kg dose of bio-inert sucralfate 
is not clinically meaningful for symptomatic relief of erosive GERD. 
However, as this trial and others have shown [5,6,7], a 14mg/
kg dose of PPSBT which is 7 to 23 times more potent in terms of 
concentrations of sucralfate achievable in the mucin gel layer, is 
associated with clinical effects significantly improved over those 
reported with bio-inert gastric-acid polymerized sucralfate.

Comparatively speaking, elevated sucralfate surface 
concentrations have resulted in outsized treatment effects. The 
best know sucralfate outcome for erosive GERD was reported by 
Vermeijden, et al. [59]. Using 4 grams daily of standard bio-inert 
sucralfate, patients required 56 days to achieve 80% symptomatic 
relief and 68% healing. In this trial, pre-polymerized sucralfate 
barrier achieved 94% symptomatic relief (though not measured 
in the same manner) and 89% healing in half the time (28 days) 
using 3/4 of the dose. Stated differently, PPSBT required 28 days 
and 84 grams of sucralfate to achieve 89% complete healing, while 
224 grams of bio-inert gastric-acid polymerized sucralfate requires 
twice the time (56 days vs 28 days) to achieve 68% complete 
healing. 

Conclusion
Pre-polymerized sucralfate barrier therapy was observed to 

be safe and effective in patients with symptomatic erosive GERD 
in a randomized double-blind placebo controlled trial. Its outsized 
treatment effect was likely related to the enhanced surface 
concentration of sucralfate that PPSBT achieves within the mucin 
gel overlying the gastroesophageal mucosa. The treatment effects 
observed in this and other randomized controlled trials of PPSBT 
[5,6,7] where unanticipated, though in hindsight and in view of 
the early basic science work on sucralfate [38, 39, 45], it was not 
entirely unforeseen. Should the PPSBT outcomes observed here 
and reported elsewhere, be repeated and confirmed, then a future 
of effective mucosal barrier therapies involving sucralfate would 
indeed be a 180 degree return to a past for the future. At the very 
least an alternative approach to symptomatic reflux disease may 
be at hand, an approach whose efficacy is associated with rapid 
healing [5,6], significant symptom control and based on denying 
acid, bile and proteases physical access to esophageal mucosa.
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Summary Box
What is already known about this subject

a. Acid irritation is believed to be the sole concern for 
managing erosive GERD

b. Erosive GERD is best managed by proton pump inhibitors

c. Sucralfate has no role in the therapeutic management of 
erosive GERD

What are the new findings

a. Acid, bile acids and proteases are co-equal irritants for 
erosive GERD

b. Proton pump inhibitors do not address bile acids and 
proteases

c. Standard sucralfate is too weak to address acid, bile acids 
and proteases

d. FDA recognized pre-polymerized sucralfate barrier 
therapy effectively excludes acid, bile acids and proteases from 
esophageal mucosa in erosive GERD
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