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Introduction
Gastroesophageal reflux disease (GERD) is a condition that 

occurs when gastric contents reflux into the esophagus causing  
mucosal injury and troublesome symptoms commonly known as  

 
heartburn. It affects 25% to 40% of US and European population 
with 5% to 20% of the world population experiencing GERD in any 
given 3-month period [1]. Chronic symptomatic gastroesophageal 
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reflux disease with erosive mucosal changes (eGERD) is a leading 
risk factor for esophageal adenocarcinoma (EAC) [2]. While only 
10-15% of individuals with eGERD will have Barrett’s esophagus 
(BE) [3], an estimated 95% of newly diagnosed EAC have no pri-
or history of Barrett’s esophagus [4, 5]. This statistics implies ex-
istence of additional etiologic mechanisms causally related to the 
presence of GERD or eGERD. In addition to this, the demographic 
of GERD is shifting toward a younger patient cohort [6]. Therefore, 
it is desirable to have therapeutic options, in addition to existing 
ones, that combine symptomatic relief with cytoprotective reversal 
of mucosal injury. Breakthrough heartburn and refractory GERD 
remains a significant clinical concern with no clear therapeutic op-
tions. 

By and large, recommended therapeutic approach to GERD or 
eGERD involves controlling acidity. A Cochrane meta-analysis of 
134 trials involving nearly 36,000 patients with eGERD prescribed 
proton pump inhibitors (PPI), histamine 2 acid reducers (H2RA), 
sucralfate, antacids (AA) and others agents from 2 to 12 weeks [7] 
concluded that PPI therapy (omeprazole, pantoprazole), was the 
most effective therapy, H2RA therapy (ranitidine, cimetidine) was 
superior to placebo and that standard sucralfate ‘had modest ef-
fect’ for symptom relief and healing. Approximately 40% eGERD 
patients refractory to PPI or other acid-control interventions [7, 8] 
therapeutic options that alter the course of disease turn on whether 
there is elevated esophageal acid exposure (EEAE) or not [9-11]. 
For patients with EEAE surgical intervention (fundoplication) is 
80% successful [12] and is cytoprotective because it limits esoph-
ageal exposure to refluxate. For those who fail fundoplication and, 
even more, for non-EEAE individuals, there are few remaining op-
tions, to limit esophageal exposure to refluxate and thereby limit 
risk of Barret’s Esophagus or EAC. It has been long established that 
refluxate of GERD and eGERD not only harbor acid but also con-
tain proteases (e.g., pepsin) and conjugated bile acids [13-15]. In 
patients with refractory GERD, the percent of individuals exposed 
to reflux events is 37% if pH monitoring is used as a surrogate for 
reflux events [16]. However, when bile monitoring is combined 
with pH monitoring as an event measure of reflux, then the percent 
of individuals exposed to refluxate increases to 75% [16]. Thus, it 
is possible that patients with refractory GERD are symptomatically 
responding to bile reflux as well as acid reflux. In such cases, thera-
peutic options that exclusively target acid, even though associated 
with endoscopic healing, may still fail to protect against injury from 
reflux of bile acid into the esophagus and perhaps even worse, bile 
acid-related esophageal injury.

Bile salts formed in the liver by conjugating cholic acid and che-
nodeoxycholic acid with taurine and glycine form tauro- and gly-
col-conjugates, which become water soluble as the pH rises above 
1. Some have suggested that acid suppression in patients with eG-
ERD may increase incidence of Barrett’s esophagus from duodenal 
reflux [17,18], a post-prandial nocturnal reflux occurring when pa-
tients are recumbent or supine [13]. Data has emerged to suggest-

ing bile acids, such as taurine conjugates, promote the development 
of eGERD and Barrett’s esophagus [19, 20]. Possibly connected to 
a potential role for bile salts in development of eGERD, is data that 
suggesting eGERD to be a cytokine-driven inflammatory process 
[21] occurring in the esophageal mucosa and mediated by hypox-
ia inducible factor (HIF) 2ɑ which, though generally transient, is 
stabilized and made to recur by repeated reflux of bile and acid. 
Esophageal perfusion studies in animal models have confirmed 
that taurine conjugates as toxic at pH below 7 causes esophageal 
mucosal damage [22,23], disrupts epithelial barrier by weakening 
tight junction proteins [24], dilates epithelial intercellular spaces 
[25] and leads to epithelial DNA damage while simultaneously in-
ducing resistance to apoptosis [26]. The latter effect, inciting DNA 
damage while simultaneously preventing cell death (resisting 
apoptosis) may contribute to neoplastic changes in esophageal mu-
cosal exposed to refluxate, thus plausibly giving rise to EAC. Not-
withstanding these details, the ‘broad picture’ common theme of 
GERD is access of toxic refluxate to the esophageal epithelium re-
sulting in deleterious consequences of repeated access of acidic and 
bilious refluxate - i.e., eGERD, Barrett’s esophagus and EAC. Clearly, 
therapies targeting acid provide symptomatic relief and facilitate 
endoscopic healing. But they do not address clinically relevant 
injury from proteases and  bilious backwash, injury that may be 
cytokine-driven and responsible for breakthrough heartburn and 
refractory GERD. 

Therefore, this randomized trial assesses comparative efficacy 
of acid controlling therapies and a new sucralfate barrier therapy in 
terms of  simultaneous symptomatic relief and mucosal protection. 
As a class, sucralfate, once polymerized by gastric acid, becomes 
agnostic to acid, bile or pepsin. It is a non-systemic site specific mu-
cosal cytoprotectant having a physical mode of action that involves 
coating the mucosal lining. Theoretically, this mechanical coating 
limits access of refluxate to the esophageal epithelium. Despite 
being cytoprotective, non-systemic and having a physical mode of 
action, the more commonly known (first generation) standard su-
cralfate is ostensibly regulated as a ‘drug’. This is because standard 
sucralfate, whether tablet, powder or a suspension, is biological-
ly inert prior to ingestion. It relies on the body, specifically gas-
tric acid, to convert it from its inert form into a biologically active 
form, a polymerized sucralfate, which then act as a barrier therapy, 
but one that is created by a chemical action (gastric acid polym-
erization) within the body following ingestion [27]. The sucralfate 
barrier therapy used in this trial is different. It is pre-polymerized 
and cross-linked during manufacture prior to patient use and does 
not require a chemical conversion by gastric acid to be biological-
ly active. Pre-polymerized sucralfate is a biologically active barrier 
therapy first recognized by the US FDA in 2005 [28] as such and is 
currently regulated in the US as a medical device formulation of su-
cralfate. It is an ingestible polymerized sucralfate. Compared to the 
“drug” form of sucralfate, pre-polymerized sucralfate barrier thera-
py has significantly enhanced bioadherence. Three hours following 
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administration, compared to standard sucralfate, pre-polymerized 
sucralfate achieves and maintains surface concentration of sucral-
fate that is 800% greater on normal mucosa and 2400% greater on 
injured or inflamed mucosal lining [29]. Therefore it has a greater 
barrier effect.

This randomized trial was undertaken to study the safety, qual-
ity of relief and endoscopic resolution of pre-polymerized sucral-
fate barrier therapy during in the first 7 days of treating erosive 
GERD. Comparative effectiveness of a barrier therapy to the stan-
dard of care was of interest, particularly for refractory GERD and 
nocturnal breakthrough heartburn. Therefore, active comparators 
were used – omeprazole, a proton pump inhibitor (PPI), ranitidine, 
a histamine 2-blocker acid reducer (H2RA) and common aluminum 
hydroxide and magnesium hydroxide antacid (AA). Of these three 
comparators, PPI have been identified by Cochrane meta-analysis 
as the preferred treatment for erosive GERD [7]. This comparison 
was previously reported in abstract form [30] but without a full 
narrative description of the trial. From a translational medicine 
perspective, it was of interest to explore the relationship between 
symptomatic improvement and endoscopic healing for all four in-
terventions, because unlike acid-controlling therapies such as PPI, 
H2RA and AA, the clinical efficacy of sucralfate barrier therapy is in-
different to the presence acid, bile or proteases (e.g., pepsin). Clini-
cal efficacy of a barrier therapy for eGERD is a measure of its ability 
to exclude access of refluxate to the esophageal mucosa.

Methods

Objectives and hypotheses

The main objective of this trial was to assess the seven day ef-
fectiveness and safety of polymerized sucralfate barrier therapy 
suspension in the treatment of erosive reflux disorder. In this trial 
their omeprazole, ranitidine and aluminum hydroxide/magnesium 
hydroxide antacid were used as comparators. In testing the efficacy 
of a new treatment, the use of comparators with known powered 
outcomes provides real world relevance and generalizability of re-
sults [31].

Ethics and trial registration

The trial was registered at Medical Research Council of Bangla-
desh (BMRC) [32] 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 
[33], 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 [34]. The current trial assesses the 
safety and performance of Esolgafate as a barrier therapy medical 
device for NERD. Safety of sucralfate-based products is well doc-

umented and has been established since 1968 [35]. Identified are 
rules and procedures of 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 ob-
jective and credible data and support the overall goal of protecting 
patients’ safety and well-being.

Study design

The study was 7 day multicenter randomized trial compar-
ing efficacy between polymerized cross-linked sucralfate barrier 
therapy (PCLS, Esolgafate™) (1.5g sucralfate) twice daily, omepra-
zole (20mg) twice daily, ranitidine (150mg) twice daily or antacid 
(400mg aluminum hydroxide/400mg magnesium hydroxide per 
10ml) 30ml taken four times daily. The study recruited 10 gastro-
enterologists as active investigators. 

Setting and participants

Recruitment of participants took place in three medical center 
clinics where patients received primary and specialty medical care 
services.

Inclusion criteria

Inclusion criteria for male or females, with ages between 18 to 
58 years (urban population), included dyspeptic symptoms (heart-
burn which included regurgitant reflux, postprandial chest discom-
fort) 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 instruc-
tions and complete self-administered questionnaire. All partici-
pants 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 requiring motility altering drugs. 
Also excluded were individuals requiring medication for diabetes, 
hypertension or dyslipidemia. Individuals with alarm signs -  diffi-
culty swallowing, painful swallowing, gastrointestinal bleeding or 
anema, 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 diffi-
culty following protocol instructions (diary maintenance, keeping 
follow-up appointments etc) were excluded. 

Randomization criteria

Participants were assigned by simple randomization into one 
of four groups, PSBT, omeprazole, ranitidine or antacid. Simple ran-
domization was aided by use of a random number table wherein 
patients who had been assigned a two digit number from 01 to 70 
plus were sequentially assigned to one of four treatment groups 
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based on the first two digits of the random number table, cross-
ing out random numbers that repeated or had been previously as-
signed to a patient.

Interventions

The intervention under investigation included omeprazole, 
ranitidine, antacids and polymerized cross-linked sucralfate (PCLS) 
barrier therapy manufactured for Mueller Medical International 
(MMI) by Pharmaco Laboratories Pvt Ltd. The pharmacology of 
the former three interventions are well known, while that of PCLS 
is relatively new and differs significantly from in situ polymerized 
non-cross-linked sucralfate. The latter form of sucralfate is regulat-
ed as a drug due to required in situ polymerization by gastric acid 
following ingestion of biologically inert sucralfate. Polymerization 

and cross-linking process for PCLS involves use of cationic organic 
acid and is thereby more resistant to hydration than sucralfate po-
lymerized by gastric acid. (Figure 1) below illustrates that 3 hours 
post-administration, PCLS achieves a maintains a surface concen-
tration of sucralfate that is 7 fold (or 800%) greater on normal or 
inflamed mucosa and 23 fold (or 2400%) greater on acid-injured 
mucosa compared to gastric-acid polymerized sucralfate [29]. Ome-
prazole, ranitidine, antacid and PCLS were provided from existing 
stock of contract manufacturers inspected and certified for good 
manufacturing practices. Dosing of omeprazole was 20mg twice 
daily, of ranitidine -150mg twice daily and or antacid was 30ml four 
times daily containing 400mg aluminum hydroxide/400mg magne-
sium hydroxide per 10ml. Dosing volume PCLS was 15ml (contain-

ing 1.5grams of sucralfate) taken twice daily.

Figure 1: Exaggerated Muco-adherence Polymeric Sucralfate 3 hours Post-administration.

Study products were dispensed by a single hospital pharmacy 
assigned to all medical centers responsible for recruitment. 

Concomitant medications

No additional medications were permitted during the period of 
7 days. 

Allocation concealment and blinding 

Randomization numbers were assigned to participants and 
study products were packaged and assigned to patients based on 
their treatment arm. Any one participant was not aware of the three 
alternative treatments under investigation. 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 prod-
uct (including empty bottles) and diary to the study site at the end 

of the 7 day intervention period. Compliance with the study proto-
col was checked by tallying the amount of unused doses remaining 
in product bottles left. Generally, participants receiving less than 
75% of recommended doses were considered noncompliant [36]. 

Endpoints

Primary outcome endpoints included overall relief of heart-
burn and overall healing. Secondary outcomes included compara-
tive relief in terms of complete, partial and none, and comparative 
healing in terms of complete, partial and none between PCLS and 
acid-controlling therapies. The effect of an intervention’s mode of 
action on efficacy outcomes was also examined.

Quantization of symptom assessment

Heartburn was defined as epigastric (subxiphoid) discomfort 
generally relieved by antacids or previously prescribed acid con-
troller such as a PPI or H2RA. Heartburn at baseline and during tri-
al was assessed daily using (a) Self-administered questionnaire for 
pain events and (b) 5-point Likert scale for pain intensity. Self-ad-
ministered dairy recorded symptoms 4 times daily for 7 days (upon 
waking, midday, late afternoon/early evening, at bedtime) during 
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the first week of non-intervention and any spurious attack. Patient 
graded symptom intensity using a 5 point Likert scale, where 0 = 
absence of symptom, 1 = minimal awareness of symptom, easily tol-
erated, 2 = awareness of symptom, bothersome but tolerable with-
out impairment of daily living or sleep, 3 = very bothersome inter-
fering but not impairing daily living or sleep and 4 = intolerable and 
impairing daily living or sleep. A daily total symptom score (dTSS) 
was obtained by adding the product of symptom occurrence mul-
tiplied by symptom intensity. Complete relief meant no episodes 
of heartburn from Day 3 onward. Partial relief meant 10-30% de-
crease in heartburn intensity as measured by dTTS between Day 4 
to Day 7. No relief meant continuance of heartburn without change 
in intensity as measured by dTTS from Day 4 to Day 7.

Healing assessment

Endoscopies were preformed 7 days prior to start of interven-
tion and on the 8th day following 7 days of intervention use. The 
Hetzel-Dent grading system [37] was used to assess GERD ero-
sions. Complete healing occurred if there was endoscopic absence 
of erosions on Day 8, a Hetzel-Dent Grade 0 or 1. 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 8. 

Comparative effectiveness assessments	
Comparative effectiveness outcomes were assessed using chi-

square test of independence. Relationship between the quality of 
relief and healing was assessed between PCLS and each type of acid 
controlling therapy. Specifically, comparative distinction of com-
plete and partial versus partial and no relief or healing was exam-
ined. 

Assessment of efficacy in mode of action 

For eGERD, healing is the ultimate goal of relief, and through 
this prism healing can be expressed in terms of relief by using a 
ratio between percent healing to percent relief, or an efficacy quo-
tient. Notably omeprazole, ranitidine and antacids achieve healing 
by controlling acidity then complete reliance upon the length of 
time in acid-mitigation. Sucralfate-based therapies achieve healing 
by physical blockade of mucosal irritants - mineral acid, bile acids, 

proteases - and depend solely on their physical act of limiting  min-
eral acid, bile acids and proteases access to the mucosa. Compar-
ison of efficacy quotients provides another quantitative outcome 
measure and speaks to the quality of efficacy observed in the trial.

Adverse events

Adverse events (AEs) were collected Day 8 prior to endoscopy. 
An AE was defined as a negative medical event occurring during the 
7 day study period, whether or not related to the study or interven-
tions. Severe AE (SAE) were negative medical events that resulted 
in death, were life-threatening or, required emergency room care, 
hospitalization or resulted in severe (or persistent) disability or in-
capacitation. 

Power calculation

The primary outcomes of the trial were esophageal healing and 
symptomatic relief (relief of heartburn and relief of reflux sensa-
tion). Based on Cochrane studies involving short term management 
of reflux disease [38], healing and symptomatic relief using a pro-
ton pump inhibitor (PPI) or histamine-2 blocker (H2B) occurred 
roughly 60% of the time compared to a placebo response of 15%. 
Therefore, to detect a similar difference in this 7 day trial wherein 
the alpha error is 0.05 and beta error is 0.2 for a power of 0.8, the 
sample size for the study should be 34 participants with 8.5 (or 9) 
patients in each of the 4 treatment arms. Assuming a 20% loss to 
follow-up, 72 participants were recruited.

Statistical analysis

All analysis was conducted on an intention-to-treat basis, in-
cluding 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 percentag-
es. 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.

Results 
Conduct of the trial

Figure 2: Patient Flow in 7 Day Erosive GERD Trial.
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A total of 77 patients with dyspepsia recruited by ten gastro-
enterologists were assessed for endoscopic eligibility for the trial 
resulting in 35 being excluded as having no erosions, that is, a Het-
zel-Dent score of Grade 0 to 1 (Figure 2). The remaining 42 patients 
were randomized to 1 of 4 treatment arms.

Adequacy of sample size

The study was appropriately powered. Based on the statistical 
power applied to the study design, 8.5 participants per treatment 
arm were required. All treatment arms had at least 9 participants 

per intervention for a total of 42 participants for this 7 day trial (see 
Table 1, ‘Patients Randomized’).

Participants 

Patients randomized into four treatment arms were compara-
ble in age, gender, days per week of heartburn, severity of symp-
toms and of endoscopic erosions (Table 1). Patients had suffered 
from GERD for an average of 4.07±0.27 years and most were treat-
ed with a PPI or PPI plus antacids. General age for participants in 
each treatment arm was similar.

Table 1: Baseline characteristics of Randomized Patients.

Per Protocol Population PCLS Omeprazole Ranitidine Antacid

Patients Randomized 11 10 11 10

Patients Lost to Follow up 1 0 2 0

Patients enter in Data 10 10 9 10

   Age, years Avg (Sd) 37 (±12.2) 39 (±10.1) 41 (±11.5) 43 (±9.1)

   Men 7 7 6 6

   Women 4 3 5 4

Years with GERD 4.5 (±2.3) 3.8 (±2.1) 3.9 (±1.9) 4.1 (±1.8)

No. Heartburn episodes per week [Likert Score]

    2: N (%) 2 (18.2%) [L= 2] 1 (10%) [L= 1] 3 (27.3%) [L= 1] 3 (30%) [L= 2]

    3: N (%) 1 (9%) [L= 2] 2 (20%) [L= 2] 2 (18.2%) L= 2] 2 (20%) [L= 2]

    4: N (%) 3 (27.3%) [L= 3] 4 (40%) [L= 3] 2 (18.2%) [L= 3] 3 (30%) [L= 3]

    6: N (%) 2 (18.2%) [L= 3] 2 (20%) [L= 3] 3 (27.3%) [L= 2] 1 (10%) [L= 2]

    7: N (%) 3 (27.3%) [L= 2] 1 (10%) [L= 2] 1 (9%) [L= 2] 1 (10%) [L= 2]

Hetzel-Dent Grade

       Grade 0-1 0 0 0 0

       Grade 2 4 5 5 6

       Grade 3 5 5 6 4

       Grade 4 1 0 0 0

Compliance of the trial

Compliance across all treatment arms was acceptable, though 
lower for PCLS (90.9%) and ranitidine (81.8%) due in large part to 
3 patients lost to follow up, one from PCLS and two from ranitidine 
group, a male from the PCLS arm and a male and female from the 
ranitidine arm. Compliance in omeprazole (97.8%) and antacids 
(99.3%) arms were similar.

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. One patient taking PCLS (10%), 2 patients tak-
ing omeprazole (20%), 1 patient taking ranitidine (11.1%) and 1 
patient taking antacid arm (10%) reported at least one AE. Adverse 
event of PCLS was oral hypesthesia (mild numbness of tongue), 
which was transient in nature lasting no more than a minute. One 
patient in the omeprazole group experience headache responsive 
to acetaminophen and one reported loose bowel movement which 
was intermittent. Both patients reporting an AE on ranitidine and 

the antacids reported nausea which was transient, lasting no more 
that one hour, resolving spontaneously without anti-emetics. 

Efficacy

First primary outcome – symptomatic relief: (Table 2) 
shows 7day symptomatic relief of eGERD using PCLS, omeprazole, 
ranitidine and antacids and is presented in terms of complete, 
partial and no relief as previously defined. 

Second primary outcome – healing: (Table 3) shows 7 day 
healing of eGERD using PCLS, omeprazole, ranitidine and antacids 
and is presented in terms of complete, partial and no healing as 
previously defined. The data of (Tables 2 & 3) are illustrated in 
(Figure 3). Notably, in 7 days substantial healing (80% complete 
and 20% partial) occurred in the PCLS group, while minimal 
healing (30% complete and 10% partial) occurred in omeprazole 
group and inconsequential healing (0% complete, 11% partial for 
ranitidine, 10% partial for antacids) was observed in ranitidine and 
antacid treatment groups. 
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Table 2: Symptomatic Relief following 7 Days Treatment With PCLS, Omeprazole, Ranitidine & Antacids. 

Interventions Patients Complete Relief Partial Relief No Relief Overall Relief

PCLS 10    50% (n= 5/10)      30% (n=3/10) 20% (n= 2/10) 80% (n= 8/10)

PPI 10    40% (n= 4/10)     50% (n=5/10) 10% (n= 1/10)   90% (n= 9/10)

H2B 9    44% (n= 4/ 9)      22% (n=2/ 9) 33% (n= 3/ 9) 67% (n= 6/ 9)

AA 10   30% (n= 3/10)      50% (n=5/10) 20% (n= 2/10)     80% (n= 8/10)

PCLS- Polymerized Cross-Linked Sucralfate Barrier Therapy; PPI –Proton Pump Inhibitor (omeprazole); H2B –Histamine Blocker (ranitidine); AA- 
Antacids

Table 3: Healing following 7 Days Treatment With PCLS, Omeprazole, Ranitidine & Antacids. 

Interventions Patients Complete Healing Partial Healing No Healing Overall Healing

PCLS 10  80% (n=8/10)   20% (n=2/10)    0% (n=0/10) 100% (n = 10/10)

PPI 10  30% (n=3/10) 10% (n=1/10)  60% (n=6/10)  40% (n = 4/10)

H2B 9    0% (n=0/ 9)  11% (n =1/9)  88.9% (n=8/9)   11% (n = 1/9)

AA 10    0% (n=0/10)  10% (n=1/10)  90% (n=9/10) 10% (n = 1/10)

PCLS- Polymerized Cross-Linked Sucralfate Barrier Therapy; PPI- Proton Pump Inhibitor (omeprazole); H2B- Histamine Blocker (ranitidine); AA- 
Antacids

Figure 3: Healing and Symptomatic Relief of eGERD.

From (Figure 3), qualitatively, it would appear that all inter-
ventions were comparable in terms of complete and partial relief. 
However, when data is rendered in terms of comparing complete/
partial relief to complete/partial healing (Figure 4) visual distinc-
tions emerge. At a glance the 7 day comparative relief (complete 
plus partial) among the four treatment groups appears largely 

equivalent. However, the 7 day comparative healing (complete plus 
partial) among the four treatment groups is fairly discordant, with 
PCLS treatment group exhibiting a degree of healing roughly 2 fold 
greater than that observed in the omeprazole group and 9-10 fold 
greater than that observed in the ranitidine and antacid group.

Table 4: Chi Square Value 7 Day Comparative Effectiveness for Overall Healing.

Comparative Interventions Complete Healing Partial Healing No Healing χ2

PCLS     80% (n=8/10)   20% (n= 2/10)   0% (n= 0/10) 83.12

Omeprazole     30% (n=3/10) 10% (n= 1/10) 60% (n= 6/10) p < 0.00001

PCLS     80% (n=8/10)   20% (n= 2/10)   0% (n= 0/10) 165.7

Ranitidine       0% (n=0/ 9) 11.1% (n= 1/9) 88.9% (n= 8/9)  p < 0.00001

PCLS    80% (n=8/10)   20% (n= 2/10) 0% (n= 0/10) 167.4

Antacid      0% (n=10/10) 10% (n= 1/10) 90% (n= 9/10) p < 0.00001

 Chi Square Value 7 Day Comparative Effectiveness for Overall Healing.
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Comparative effectiveness assessments

One aspect of meaningful effectiveness relates to the combined 
degree of complete and partial relief, and combined degree of com-
plete and partial healing. Table 4 shows effectiveness of PCLS in 

healing when compared to the three other treatment groups. In 
comparing PCLS with acid-controlling therapies for 7 day healing, 
chi-square statistics were large with p values less than 0.00001 at 
significance of p<0.01.

Table 5: Chi Square Value 7 Day Comparative Effectiveness for Overall Relief. 

Comparative Interventions Complete Relief Partial Relief No Relief χ2

PCLS     50% (n=4/10)   30% (n=3/10) 20% (n=2/10) 9.44

Omeprazole     40% (n=3/10) 50% (n=7/10) 10% (n=1/10) p = 0.0089

PCLS     50% (n=4/10)   30% (n=3/10) 20% (n=2/10) 4.44

Ranitidine     44.5% (n=4/9) 22.2% (n=2/9) 33.3% (n=3/9)  p = 0.1078

PCLS     50% (n=4/10)   30% (n=3/10) 20% (n=2/10) 10

Antacid     30% (n=3/10) 50% (n= 5/10) 20% (n=2/10) p = 0.0067

PCLS- Polymerized Sucralfate Barrier Therapy; PPI- Proton Pump Inhibitor (omeprazole); H2B- Histamine Blocker (ranitidine); AA- Antacids

 Table 5 shows effectiveness of PCLS in providing relief when 
compared to the three other treatment groups. While each inter-
vention provided relief well above 60% (Table 2, Figures 3 & 4), 
more participants experienced partial relief with omeprazole and 
antacids than with PCLS. The difference between PCLS and raniti-
dine in terms of overall relief in 7 days , though trending toward sig-

nificance, was in fact  statistically insignificant. In comparing PCLS 
with acid-controlling therapies for 7 day relief, the chi-square sta-
tistics were small, significant only when compared to omeprazole 
and antacids and appeared to favor the acid controlling therapies. 
However relief from acid-controlling therapies was poorly associat-
ed with mucosal healing.

7-day extent of relief of erosive GERD compared to 7-day extent of healing in each treatment arm: Only in the PCLS treatment group was the 
extent of relief commensurate with extent of healing.
PCLS- Polymerized Cross-Linked Sucralfate Barrier Therapy; PPI- Proton Pump Inhibitor (omeprazole); H2B- Histamine blocker (ranitidine); 
AA- Antacids. 

Figure 4: Relationship between Complete and Partial Relief & Healing of eGERD.

Assessment of efficacy in mode of action

For eGERD, healing is the ultimate goal of relief, and through 
this prism, healing can be expressed in terms of relief by using a 
ratio between percent healing to percent relief. This healing/relief 
quotient assesses the quality of efficacy and is reflective of the val-
ue of an intervention’s mode of action. Figure 5 compares efficacy 
quotients, that is, the extent of healing as it relates to relief for the 
four treatment arms. Using differing mechanisms of actions, ome-
prazole, ranitidine and antacids target pH to reduce or eliminate 
acidity. Reducing acidity over first 7 days while providing substan-

tial relief, is in fact associated with limited healing. Contradistinc-
tively , limiting physical access of refluxate to the mucosa (as does 
PCLS) is  associated with healing rates that are 2-10 fold better than 
that observed for acid controlling therapies over the same period 
of time. While comparative relief is largely similar and quantita-
tively high for all four interventions (Figure 4), Figure 5 shows that 
overall healing plays a much smaller role in the symptomatic relief 
experienced with acid controlling interventions. However, the con-
verse is true for the PCLS treatment group where overall relief is 
substantially (and likely causally) related, to healing regardless of 
the pH of the refluxate.
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7-day efficacy quotient is the ratio of relief as a function of healing. Only in PCLS treatment group did healing reflect relief. This imply that 
factors associated with healing are causally associated with factors associated with relief. This possible causal link was not apparent with acid-
controlling therapies. That is, for the first 7 days of use, factors associated with relief from acid controlling therapies, were not in lockstep with 
factors associated with healing. 

Figure 5: Relationship Between Overall Healing and Overall Relief.

Discussion

This study on the symptomatic and endoscopic relief of ero-
sive GERD was a seven day randomized active control comparative 
effectiveness trial. It examined the comparative efficacy between 
three examples of acid controlling therapies, representing the 
standard of care and a medical device, pre-polymerized sucralfate 
barrier therapy. The trial was an ISO 14155 compliant clinical in-
vestigation of a medical device reviewing the safety and efficacy of 
polymerized sucralfate barrier therapy in a manner that was sta-
tistically relevant. The trial was properly power with appropriate 
sample sizes per treatment arm, conducted transparently and had 
no significant compliance issues among participants whose clini-
cal characteristics were evenly distributed among treatment arms. 
Therefore, relevant conclusions could be made on outcomes. Effi-
cacy was assessed by quantifying symptomatic relief, endoscopic 
healing and the ratio of each as a measure of overall efficacy. 

As expected omeprazole, ranitidine and antacids provided sig-
nificant symptomatic relief of eGERD within the first 7 days. Un-
anticipated was that polymerized sucralfate barrier therapy would 
provide similar significant symptomatic relief. The expected ex-
perience of standard sucralfate for symptomatic relief of eGERD 
is that 7 days would be insufficient time to provide symptomatic 
relief on par with standard of care therapeutic options. Specifically, 
Vermeijden et al [39] reported the best known outcomes for sucral-
fate in the treatment of eGERD. Using standard sucralfate, patients 
required 56 days to achieve 80% symptomatic relief. In this trial, 
pre-polymerized sucralfate required only 7 days for 80% symp-
tomatic relief. Additionally, Vermeijden et al. [39] observed that in 
56 days, 4 grams daily of standard sucralfate (or 224 grams) was 
required to achieve a healing rate of 68%. In this trial using 3 grams 
per day for 7 days (or 21 grams) of pre-polymerized sucralfate sus-
pension barrier, 80% complete healing and 20% partial healing 
was achieved.

 In this comparison, clearly the biophysical distinction of 
pre-polymerized sucralfate in achieving and maintaining surface 
concentrations of sucralfate that is 800% to 2400% greater than 
standard sucralfate (Figure 1) has significant clinical relevance. 
As to potency, 21 grams of sucralfate in PCLS used over 7 days 
achieved symptomatic relief and healing rates comparable to 224 
grams of standard sucralfate used over 56 days, as observed by Ver-
meijden, et al. [39]. The implication is stark. Using pre-polymerized 
sucralfate suspension barrier in patients suffering from eGERD may 
require 1/10 the dose of standard sucralfate over 1/12 the time to 
achieve comparable relief and healing. This was accomplished in 
7 days versus 56 days which represents a  78% reduction in time. 

Pre-polymerized sucralfate suspension barrier was found to 
be safe and more importantly no less safe than omeprazole, raniti-
dine or antacids. Commonly known self-limited adverse events for 
omeprazole [40], ranitidine [41], antacids [42] and sucralfate ther-
apies [43] were observed in this trial. As regards aluminum expo-
sure posed by antacids and sucralfate, it has been well established 
that 4 grams of standard sucralfate provides no greater exposure 
than the prescribed use of aluminum containing antacids when tak-
en over equivalent periods of time [44, 45]. Additionally, oral alu-
minum bioavailability is greater from water than from aluminum 
hydroxide antacids or from standard dose sucralfate [46]. Specifi-
cally, oral aluminum bioavailability from drinking water is 0.22 to 
0.35% [47,48] compared to 0.001% to 0.007% from sucralfate or 
aluminum-containing antacids [45,49,50]. Just as antacids contain-
ing aluminum salts, so too sucralfate is safe to be used in pregnant 
women as well as for women during labor for aspiration prophylax-
is [50]. Though little is known regarding use of aluminum-contain-
ing antacids and sucralfate in breast-feeding females, aluminum is 
known to be endogenous in breast milk [51,52]. Indeed, however, 
for patient subpopulations with impaired renal function, any alumi-
num-containing product should be minimally used if at all [53]. For 
patients with normal renal function, a meta-analysis review by the 
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European Commission Scientific Committee on Health & Consumer 
Safety could not identify causal correlation between neurological 
conditions and ingestion of aluminum-containing products [46]. 

Turning to efficacy, to be an acceptable alternative to existing 
treatment options for erosive GERD (omeprazole, ranitidine and 
antacids), the suspension form of polymerized sucralfate barrier 
therapy, needed to have demonstrated that statistically it is no less 
effective. Rapidity of relief as a measure of efficacy was one focus of 
this 7 day trial. The 7 day overall symptomatic relief (complete plus 
partial) for PCLS, omeprazole, ranitidine and antacids was 80%, 
90%, 67% and 80% respectively (Table 2). Clearly PCLS is not less 
effective than either acid-controlling therapy, as rapidity of relief 
was roughly equivalent for all interventions. Additionally, it can be 
said that in terms of patients experiencing no relief within 7 days, 
pre-polymerized sucralfate barrier suspension was no less effective 
than omeprazole, ranitidine and antacids where respective out-
comes were 20%, 10%, 33% and 20%. Of note, as to complete (vs 
overall) relief, using 1.5 grams of polymerized sucralfate suspen-
sion twice daily was substantially equivalent to complete relief ob-
served with omeprazole 40mg daily dose and better than that ob-
served with ranitidine or antacids. The author is unaware of were 
sucralfate-based therapy demonstrating such an outcome within 7 
days. In terms of overall healing (complete and partial) and in terms 
of healing as a function of relief, pre-polymerized sucralfate barrier 
suspension was statistically superior to omeprazole, ranitidine or 
antacids. After 7 days, complete endoscopic remission of erosive 
GERD was 80% using pre-polymerized sucralfate barrier suspen-
sion compared to 30% for omeprazole and 0% for both ranitidine 
and antacids. All patients using pre-polymerized sucralfate barri-
er suspension evidenced some extent of healing either complete 
(80%) or partial (20%); there were no PCLS patients who failed 
to exhibit healing. This was in contrast to participants using ome-
prazole, ranitidine and  antacids, wherein no healing was observed 
over 7 days in 60%, 88% and 90% of patients respectively.

 Healing as a function of relief was an outcome purposely select-
ed to examine efficacy of mechanism (Figure 5). Acid controlling 
therapies provide relief with endoscopic healing as a consequence 
of elevating pH. Pre-polymerized sucralfate provide symptomatic 
relief as a consequence of cytoprotective exclusion of acid, bile and 
proteases [27]. This mechanism of cytoprotective exclusion was 
associated with 7 day accelerated healing and may speak to the 
need to prevent access of refluxate to the esophageal epithelium. 
Rapid 7 day symptomatic relief linked to simultaneous endoscopic 
healing of esophageal erosions has not been reported for any an-
ti-GERD therapy. Particularly it has not been reported for any su-
cralfate-based therapy. Most trials involving endoscopic reversal 
of erosions involve acid-controlling therapies and require 6 to 8 
weeks, with a few that have been as short as 4 weeks [7], but cer-
tainly none within 7 days. 

Beside this finding, a key observation in this trial was that re-

lief by healing from PCLS, in contrast to relief without healing from 
acid-controlling therapies, implies that acid exposure may not be 
the single most significant contributor to eGERD symptoms. PCLS 
is pH-agonistic and exerts a physical action to deny components of 
gastric refluxate any significant access to the esophageal mucosa. It 
is undeniable that gastric refluxate creates mucosal reactions that 
lead to visual erosions of eGERD. Current therapy guidelines for 
eGERD [54] promote acid-controlling therapies as the centerpiece 
of management and specifically exclude standard sucralfate as 
having any role. Of course, the data reported here not only suggest 
that PCLS form of sucralfate may have a role in the management of 
eGERD, but that its role as barrier therapy may be physiologically 
important beyond the exclusion of acid. Clearly if acidic hydrogen 
protons were the sole irritant within gastric refluxate causing mu-
cosal erosions, then at least, omeprazole and ranitidine should have 
shown complete healing rates beyond 30% and 0% respectively. 
They did not. Only with PCLS treatment which is pH-agonistic, did 
the extent of healing reflect the extent of relief. This implies that 
factors associated with healing are causally associated with factors 
associated with relief, and that there are factors within gastric re-
fluxate other than acidic hydrogen protons, responsible for mucosal 
inflammatory reaction to reflux. A possible causal link of irritants 
causing mucosal inflammation other than hydrogen protons is not 
apparent from the relief and delayed healing using acid-controlling 
therapies. That is, for the first 7 days of use, factors associated with 
relief from acid controlling therapies, were not lock-stepped with 
factors associated with healing. In other words, for the first 7 days 
of therapy, the onset of relief by acid elimination is not a bellwether 
for histologic improvement of eGERD syndrome. There are addi-
tional components of refluxate that the mucosa is reacting to, com-
ponents responsible for continued mucosal inflammation.

An alternative view is that within the first 7 days, the constitu-
ent components of refluxate that give rise to pain, have a discontin-
uous interactive relationship with tissue components responsible 
for healing or for reduced inflammation. In other words, refluxate 
exposure is not purely acid exposure. Besides caustic acid, serine 
proteases and dissolved conjugated bile acids backwash on to the 
esophageal epithelium. Acid is detected by ASIC and TRPV1 noci-
ceptors [55, 56] on afferent neurons buried within the submuco-
sa. Within the eGERD phenotype, acid excitation of these receptors 
is a signficant factor of symptomatic reflux. However, both bile 
[15,19,24-26] and serine proteases [57] within gastric refluxate 
[13] trigger increased submucosal expression of TRPV1 and pro-
teinase-activated receptor-2 (PAR2), and the latter (PAR2) induces 
proinflammatory and neuroinflammatory effects [58-60] that slow 
healing. Acid sensation symptomatically controlled by PPI, H2RA, 
AA occurs without significant healing. However, acid sensation 
symptomatically controlled by PCLS (which has no affect on acidity 
of gastric refluxate), occurs in concert with healing at a relatively 
rapid pace, that is, within 7 days. Besides the implication that oth-
er non-acid irritants are similarly responsible for mucosal inflam-
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mation, the sheer rapidity of healing implies that with pro-inflam-
matory processes, there were counterbalancing processes within 
the esophageal mucosa, that is, anti-inflammatory processes were 
readily (and perhaps reflexively) available in the mucosa to facili-
tate 80% complete healing and 20% partial healing within 7 days 
of using PCLS. This principle or law of feedback-ready homeostatic 
processes has been discussed elsewhere regarding patients with 
irritable bowel syndrome who used PCLS [61]. 

In using acid-controlling treatments for the first 7 days, heal-
ing is slowed by persistent access to mucosa of non-acid irritants, 
irritants that induce inflammation resistant to immediate healing. 
Physical denial of acid irritants and non-acid irritants permit rapid 
resolution of inflammation that is not possible using acid control-
lers within the first 7 days. That omeprazole was associated with 
minimal, but definite complete healing (30%), may not be entirely 
attributable to acid-blockade. Direct, non-acid related anti-inflam-
matory effects of omeprazole have been reported [62, 63], which 
may explain the observation of a small degree of healing with ome-
prazole in this trial yet none with ranitidine and antacids. What 
seems clear, however, is that strict physical barrier exclusion of 
reflaxate irritants appear to have resulted in an immediate onset 
of healing in the PCLS treatment group. In the first 7 days, broad 
barrier exclusion of irritants appears to be a stronger contributor 
to healing than pure acid neutralization, acid reduction/blockade 
or any nascent anti-inflammatory action of omeprazole.

Conclusion

Seven day symptomatic relief of erosive GERD addresses an 
unmet medical need. Current guidelines for the management of eG-
ERD [54] center on acid mitigation, using antacids, acid reducers 
(H2RA) and acid blockers, PPI [62]. Barrier therapies such as algi-
nate [64] and hyaluronate chondroitin polymer complex [65] have 
been used. Still patients continue to suffer from erosive GERD [67, 
68]. The patient cohort is trending younger [6] and the incidence 
of adenocarcinoma of esophagus is trending upward [69]. To curve 
the clinical trajectory of eGERD and its epidemiology, persistent 
access of gastroduodenal refluxate to the esophageal mucosa has 
should be effectively prevented. Acid controlling therapies pro-
vide symptomatic relief, are associated with endoscopic remission 
of eGERD following weeks of treatment but cannot deny bile or 
serine proteases access to vulnerable esophageal mucosa. While 
fundoplication is an effective anti-reflux treatment, a non-invasive 
approach such as a mucin-binding sucralfate barrier should be 
more preferred. Pre-polymerized sucralfate barrier suspension is 
a non-systemic cytoprotective physical mode of treating eGERD. In 
this 7 day trial pre-polymerized sucralfate was found to be as effec-
tive as acid-controlling therapies for symptomatic relief. The nature 
of PCLS-mediated relief involved substantial elimination of inflam-
mation as symptomatic relief was simultaneously associated with 
80% complete and 20% partial healing. With PCLS, the hallmark of 
physical blockade of non-acid and acid irritants is substantial early 
healing which was not observed with omeprazole, ranitidine and 

antacids. Unlike pre-polymerized sucralfate, standard sucralfate 
therapies are less effective than the existing and more preferred 
acid controlling therapies tested in this trial. For standard sucral-
fate, 224 grams is required over 56 days to achieve 68% healing 
rate [39], which is less potent than pre-polymerized sucralfate bar-
rier suspension which required 21 grams over 7 days to achieve 
80% complete healing and 20% partial healing.

There were several significant findings in this trial. First, acid 
controllers relieving by targeting pH or acidic hydrogen proton have 
no immediate impact on healing mucosal erosions. That is, the mu-
cosa of eGERD continues to be inflamed despite significant symp-
tomatic  acid relief. Second, symptomatic relief from PCLS  is associ-
ated with substantial healing within 7 days, implying that physical 
blockade of gastric refluxate involve exclusion of proton acid as well 
as non-proton acid irritants. Third, acid relief may not be an ade-
quate barometer of how well eGERD treatment is progressing. This 
is particularly true since 90% of newly diagnosed adenocarcinoma 
appear related to GERD and not to Barrett’s esophagus [2,4,5,70]; 
and acid controlling therapies do not reduce mucosal exposure to 
bile or serine proteases. Fourth, persistent exposure to non-acid 
irritants such as bile salts and serine proteases have been linked 
to cytokine inflammatory processes that give rise to metaplasia 
and may emerge as a more important target in the management 
of eGERD. This makes effective barrier therapy as important if not 
more important than acid control. Pre-polymerized sucralfate bar-
rier therapy is not a drug but a medical device, a barrier therapy 
containing the active clinical form of sucralfate. In this trial PCLS 
provided symptomatic relief as a function of mucosal healing while 
acid-controlling therapies provided equivalent symptomatic relief 
that was independent of healing. Pre-polymerized sucralfate was 
found to be safe, statistically effective and may provide a meaning-
ful non-chemical biophysical mode of management for eGERD.
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