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INTRODUCTION
Gastro-oesophageal reflux disease (GERD) is a highly
prevalent disorder in Western countries, as its predomi-
nant symptom, heartburn, can occur once a week in up
to 26% of the general population.1 Despite geographical
variations, the prevalence of GERD is increasing world-
wide.

Over the past decade, it has been realised that there
are two different phenotypes of the disease. Some
patients present oesophageal mucosal lesions (i.e. erosive
oesophagitis), but the majority (up to 70%) have a
macroscopically normal mucosa at endoscopy. Such
patients are usually considered to have non-erosive reflux
disease (NERD).2–4

Proton pump inhibitors (PPIs) represent the first
choice medical treatment for GERD,5 in that they are
able to provide an 80–85% healing rate for oesophageal
lesions, including ulcers, and also reduce the incidence
of complications. Pooled analyses6, 7 have shown that in
56–76% of cases, symptom relief can also be achieved,
even though this benefit seems to be reduced in patients
with NERD. According to a widely quoted systematic
review,7 compared to patients with erosive oesophagitis,
patients with NERD display a reduced symptom relief
with PPIs, with about 20% reduction of therapeutic gain.
A large AGA survey8 found that – despite PPI use –
over 55% of subjects with GERD symptoms in the gen-
eral population (where non-erosive and erosive diseases
are obviously mixed) report continued disruption of their
quality of life.

Recent investigations have shown that not only acidic,
but also non-acidic refluxes are able to induce the histo-
pathological alterations, which have been clearly docu-
mented by electron and light microscopy in the majority
of NERD patients.9–11 In particular, the dilation of inter-
cellular spaces between adjacent cells of the oesophageal
epithelium represents a feature that has become the hall-
mark of microscopic oesophagitis. This intercellular gap
leads to increased permeability that favours the penetra-
tion of hydrogen ions and other substances (including
pepsin and bile) into oesophageal sub-mucosa, thus
reaching nerve fibres, whose stimulation generates the
typical symptom heartburn. Several studies12 suggested a
synergistic action between acid and duodeno-gastric
reflux in inducing lesions. The important role of pepsin
in the pathogenesis of extra-oesophageal manifestations
of GERD is increasingly being appreciated.13

An ideal therapy for NERD patients should – in addi-
tion to acid secretion – address all the above-mentioned
pathophysiologic features, that is provide a barrier to

(and/or bind) the residual aggressive components of the
refluxate (i.e. weakly acidic content and pepsin) while
stimulating mucosal repair. To achieve these goals, a
class III medical device, Esoxx (Alfa Wassermann,
Bologna, Italy), was specifically designed and devel-
oped.14, 15 It consists of a mixture (1:2.5 ratio) of low
molecular weight (80–100 kDa) hyaluronic acid and low
molecular weight (10–20 kDa) chondroitin sulphate, dis-
persed in a bioadhesive carrier (poloxamer 407) to form
a macromolecular complex, coating the oesophageal
mucosa and acting as a mechanical barrier against the
noxious components of the refluxate. Transit time of liq-
uids through the oesophagus is very short (less than
16 s), even in a supine subject.16 A viscous liquid formu-
lation that adheres to and coat the mucosa will limit the
contact of refluxed acid and pepsin with the epithelial
surface17 and can act as a vehicle to deliver drugs for
local action within the oesophagus.18

The components of Esoxx are two well-known physio-
logic substances. Hyaluronic acid is a widespread, biolog-
ically active substance, which regulates cellular function
through interaction with specific receptors.19 It is a mul-
tifunctional, high molecular weight glycosaminoglycan,
component of the majority of extracellular matrices and
involved in several key physiologic processes, including
wound repair and regeneration, morphogenesis and
matrix organisation.20 The biological roles of hyaluronic
acid are in part dependent on its hydrophilic and hydro-
dynamic properties, which allow it to retain water and
play a structural role. Indeed, hydrogels (cross-linked
hydrophilic polymers) have been used as scaffolds to
allow tissue repair or regeneration at sites of injury,
being degraded by tissue enzymes after repair is com-
pleted.19 Low molecular weight hyaluronic acid is pro-
angiogenic, induces the formation of new blood vessels
and activates a signal transduction pathway leading to
endothelial cell proliferation and migration. In contrast,
native high molecular weight hyaluronic acid is anti-
angiogenic and will inhibit blood vessel formation.19

Topic hyaluronic acid formulations are employed to treat
recurrent aphthous ulceration of the oral mucosa21, 22

with fast symptom relief, to which the dose-dependent
anti-inflammatory activity of the compound23 may also
contribute.

Chondroitin sulphate is a natural glycosaminoglycan,
present in the extracellular matrix surrounding cells,
especially in the cartilage, skin, blood vessels, ligaments
and tendons, where it forms an essential component of
proteoglycans.24 Current evidence shows that chon-
droitin sulphate fulfils important biological functions in
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V. Savarino et al. inflammation, cell proliferation, differentiation, migra-
tion, tissue morphogenesis, organogenesis, infection and
wound repair.25 These effects are related to the capacity
of chondroitin sulphate to interact with a wide variety of
molecules including (but not limited to) matrix mole-
cules, growth factors, protease inhibitors, cytokines,
chemokines and adhesion molecules via nonspecific/
specific saccharide domains within the chains.25 The
compound is endowed with immune-modulatory,26 anti-
inflammatory25, 26 and antioxidant27 properties. Along
with nonspecific interactions, chondroitin sulphate may
display specific binding to bioactive molecules, such as
pepsin. Peptic activity is indeed reduced both in vitro28

and in vivo29, 30, and treatment of peptic ulcer with
chondroitin sulphate has been attempted in the past.31

Poloxamer 407 (ethylene oxide and propylene oxide
blocks) is a hydrophilic non-ionic surfactant, which
shows thermo-reversible properties of the utmost interest
in optimising drug formulation (fluid state at room tem-
perature, facilitating administration and gel state above
sol–gel transition temperature at body temperature, pro-
moting prolonged release of pharmacological agents).32

Poloxamer 407 formulations lead to enhanced solubilisa-
tion of poorly water-soluble drugs and prolonged release
profile for many galenic applications.33 The poloxamer
407 adhesive properties are used to lengthen residence
time of agents in the gastrointestinal tract. Good adhe-
sion in the oesophagus with efficient diffusion of the
drug into the mucosa was observed in the mouse, by
means of an optical fibre spectrofluorimetric method.32

According to European Council Directive 93/42/
EEC,34 the National Health Institute in Rome classified
this bioadhesive formulation as class III medical device,
intended for use in human beings for the purpose of
treatment or alleviation of disease. Typically, the medical
device function is achieved by physical means (including
mechanical action, physical barrier, replacement of or
support to organs or body functions).

An ex vivo experimental study on a swine model
showed that perfusion of the oesophageal lumen with this
medical device is able to prevent the increase in mucosal
permeability induced by acid and/or pepsin.35 With these
data at hand, two double-blind, placebo-controlled stud-
ies demonstrated that short-term Esoxx treatment
achieves a significant and quick symptom relief both in
patients with erosive36 or non-erosive reflux disease.37

In this prospective, double-blind, placebo-controlled
trial the efficacy and safety of Esoxx, combined to acid
suppression, vs. acid suppression alone, was evaluated in
patients with NERD, diagnosed merely as endoscopy-

negative reflux disease. This was selected to mirror the
clinical practice, outside the referral centres, where
advanced investigations are not available.

PATIENTS AND METHODS
Non-erosive reflux disease patients with typical reflux
symptoms were enrolled in the study. They were of both
sexes, and age ranged from 18 to 75 years. Two of the
following symptoms, for example heartburn, acid regur-
gitation, retrosternal pain and acid taste in the mouth,
should have been present from at least 3 months and at
least three times per week in the month preceding the
study screening visit. The diagnosis of NERD was based
on the absence of macroscopic lesions of distal oesopha-
geal mucosa at endoscopy,3, 4 performed within
6 months from the screening visit, and by the positivity
of a validated questionnaire (Reflux Disease Question-
naire, RDQ),38 that is an RDQ score ≥8.39 In accordance
with the NICE Guidelines40 and to avoid interference
with the rapid urease test,41 routinely performed during
endoscopy, patients were free from anti-secretory medi-
cation (either a PPI or an H2RA) for at least 2 weeks.

Exclusion criteria were the presence of erosive
oesophagitis or Barrett’s oesophagus, gastric or duodenal
ulcer, previous gastric or major GI surgery, atopy or
food intolerance, thyroid diseases, diabetes or metabolic
syndrome. Moreover, pregnant, lactating or fertile
women (without contraception) were also excluded.

Study design
The study was multicenter, randomised, double-blind,
placebo-controlled with parallel groups. Sixteen Italian
hospitals were involved, and each of them obtained the
approval of the respective ethical committee.

The trial was performed according to the International
Conference on Harmonization of Technical Require-
ments for Registration of Pharmaceuticals for Human
Use (ICH), guidelines for Good Clinical Practice
(GCP)42 and the Declaration of Helsinki (1996 version,
amended October 2000).43

Patients eligible for the study gave informed and written
consent and were asked to start a 15-day (�2 days) run
in/wash out period, during which any (prescription or
OTC) therapy was discontinued (visit 1). The only medi-
cations permitted were antacids or alginate-containing for-
mulations in case of symptom occurrence. At visit 2,
patients were randomised – according to a computer-gen-
erated sequence – to receive one standard dose of a PPI
(30 min before breakfast) + 10 mL (1 stick) of Esoxx One
(single dose stick formulation) or placebo (with the same
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SUMMARY

Background
Several studies have shown that patients with non-erosive reflux disease
(NERD) are less responsive to proton pump inhibitors (PPIs) than those
with erosive disease as they belong to di�erent subgroups, in whom factors
other than acid can trigger symptoms.

Aim
To evaluate whether combined therapy (mucosal protection plus acid sup-
pression) would improve symptom relief compared to PPI treatment alone.

Methods
In a multicenter, randomised, double-blind trial, 154 patients with NERD
were randomised to receive Esoxx (Alfa Wassermann, Bologna, Italy), a
hyaluronic acid-chondroitin sulphate based bioadhesive formulation, or pla-
cebo, in addition to acid suppression with standard dose PPIs for 2 weeks.
Symptoms (heartburn, acid regurgitation, retrosternal pain and acid taste in
the mouth) and health-related quality o�ife (HRQL) were evaluated before
and after treatment. The primary endpoint was the proportion of patients
with at least a 3-point reduction in the total symptom score.

Results
At the end of treatment, the primary endpoint was reached by 52.6% of
patients taking Esoxx compared to 32.1% of those given placebo (P < 0.01).
The same was true also for HRQL, evaluated by means of the Short Form-
36 questionnaire, which improved with both treatments, but some items
were significantly better after Esoxx plus PPI therapy.

Conclusion
The synergistic e�ect of Essox with PPI treatment suggests that mucosal
protection added to acid suppression could improve symptoms and HRQL
in NERD patients.
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РЕЗЮМЕ

Общая информация
Ряд исследований показал, что пациенты с неэрозивной рефлюксной болезнью 

(НЭРБ) менее восприимчивы к ингибиторам протонного насоса (ИПН), чем паци-

енты с эрозивной болезнью, поскольку они принадлежат к различным подгруппам 

с симптомами, вызванными разными факторами, помимо кислоты. 

Цель
Оценить, усиливает ли комбинированная терапия (защита слизистой оболочки и по-

давление кислоты) облегчение симптомов по сравнению с монотерапией ИПН. 

Методы
В многоцентровое рандомизированное двойное слепое исследование рандомизи-

ровали 154 пациента с НЭРБ для приема медицинского изделия Альфазокс (Альфа-

сигма С.п.А., Италия), биоадгезивного препарата на основе гиалуроновой кислоты 

и хондроитина сульфата, или плацебо в комбинации с подавлением кислоты при по-

мощи стандартной дозы ИПН в течение 2 недель. Симптомы (изжога, кислая отрыжка, 

боль за грудиной и кислый привкус во рту) и связанное со здоровьем качество жиз-

ни (СЗКЖ) оценили перед началом терапии и после нее. Первичной конечной точкой 

была доля пациентов со снижением общей оценки симптомов не менее чем на 3 балла. 

Результаты
В конце терапии первичной конечной точки достигли 52,6% пациентов, принимав-

ших Альфазокс, по сравнению с 32,1% пациентов, принимавших плацебо (P <0,01). 

Аналогично оценка СЗКЖ по краткому опроснику-36 улучшилась в обеих группах 

терапии, но некоторые параметры были значительно лучше после комбинированной 

терапии Альфазокс + ИПН. 

Вывод
Синергический эффект комбинированной терапии Альфазоксом + ИПН свидетель-

ствует о том, что защита слизистой оболочки в комбинации с подавлением кислоты 

может облегчить симптомы и улучшить СЗКЖ у пациентов с НЭРБ.
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SUMMARY

Background
Several studies have shown that patients with non-erosive reflux disease
(NERD) are less responsive to proton pump inhibitors (PPIs) than those
with erosive disease as they belong to different subgroups, in whom factors
other than acid can trigger symptoms.

Aim
To evaluate whether combined therapy (mucosal protection plus acid sup-
pression) would improve symptom relief compared to PPI treatment alone.

Methods
In a multicenter, randomised, double-blind trial, 154 patients with NERD
were randomised to receive Esoxx (Alfa Wassermann, Bologna, Italy), a
hyaluronic acid-chondroitin sulphate based bioadhesive formulation, or pla-
cebo, in addition to acid suppression with standard dose PPIs for 2 weeks.
Symptoms (heartburn, acid regurgitation, retrosternal pain and acid taste in
the mouth) and health-related quality of life (HRQL) were evaluated before
and after treatment. The primary endpoint was the proportion of patients
with at least a 3-point reduction in the total symptom score.

Results
At the end of treatment, the primary endpoint was reached by 52.6% of
patients taking Esoxx compared to 32.1% of those given placebo (P < 0.01).
The same was true also for HRQL, evaluated by means of the Short Form-
36 questionnaire, which improved with both treatments, but some items
were significantly better after Esoxx plus PPI therapy.

Conclusion
The synergistic effect of Essox with PPI treatment suggests that mucosal
protection added to acid suppression could improve symptoms and HRQL
in NERD patients.
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INTRODUCTION
Gastro-oesophageal reflux disease (GERD) is a highly
prevalent disorder in Western countries, as its predomi-
nant symptom, heartburn, can occur once a week in up
to 26% of the general population.1 Despite geographical
variations, the prevalence of GERD is increasing world-
wide.

Over the past decade, it has been realised that there
are two different phenotypes of the disease. Some
patients present oesophageal mucosal lesions (i.e. erosive
oesophagitis), but the majority (up to 70%) have a
macroscopically normal mucosa at endoscopy. Such
patients are usually considered to have non-erosive reflux
disease (NERD).2–4

Proton pump inhibitors (PPIs) represent the first
choice medical treatment for GERD,5 in that they are
able to provide an 80–85% healing rate for oesophageal
lesions, including ulcers, and also reduce the incidence
of complications. Pooled analyses6, 7 have shown that in
56–76% of cases, symptom relief can also be achieved,
even though this benefit seems to be reduced in patients
with NERD. According to a widely quoted systematic
review,7 compared to patients with erosive oesophagitis,
patients with NERD display a reduced symptom relief
with PPIs, with about 20% reduction of therapeutic gain.
A large AGA survey8 found that – despite PPI use –
over 55% of subjects with GERD symptoms in the gen-
eral population (where non-erosive and erosive diseases
are obviously mixed) report continued disruption of their
quality of life.

Recent investigations have shown that not only acidic,
but also non-acidic refluxes are able to induce the histo-
pathological alterations, which have been clearly docu-
mented by electron and light microscopy in the majority
of NERD patients.9–11 In particular, the dilation of inter-
cellular spaces between adjacent cells of the oesophageal
epithelium represents a feature that has become the hall-
mark of microscopic oesophagitis. This intercellular gap
leads to increased permeability that favours the penetra-
tion of hydrogen ions and other substances (including
pepsin and bile) into oesophageal sub-mucosa, thus
reaching nerve fibres, whose stimulation generates the
typical symptom heartburn. Several studies12 suggested a
synergistic action between acid and duodeno-gastric
reflux in inducing lesions. The important role of pepsin
in the pathogenesis of extra-oesophageal manifestations
of GERD is increasingly being appreciated.13

An ideal therapy for NERD patients should – in addi-
tion to acid secretion – address all the above-mentioned
pathophysiologic features, that is provide a barrier to

(and/or bind) the residual aggressive components of the
refluxate (i.e. weakly acidic content and pepsin) while
stimulating mucosal repair. To achieve these goals, a
class III medical device, Esoxx (Alfa Wassermann,
Bologna, Italy), was specifically designed and devel-
oped.14, 15 It consists of a mixture (1:2.5 ratio) of low
molecular weight (80–100 kDa) hyaluronic acid and low
molecular weight (10–20 kDa) chondroitin sulphate, dis-
persed in a bioadhesive carrier (poloxamer 407) to form
a macromolecular complex, coating the oesophageal
mucosa and acting as a mechanical barrier against the
noxious components of the refluxate. Transit time of liq-
uids through the oesophagus is very short (less than
16 s), even in a supine subject.16 A viscous liquid formu-
lation that adheres to and coat the mucosa will limit the
contact of refluxed acid and pepsin with the epithelial
surface17 and can act as a vehicle to deliver drugs for
local action within the oesophagus.18

The components of Esoxx are two well-known physio-
logic substances. Hyaluronic acid is a widespread, biolog-
ically active substance, which regulates cellular function
through interaction with specific receptors.19 It is a mul-
tifunctional, high molecular weight glycosaminoglycan,
component of the majority of extracellular matrices and
involved in several key physiologic processes, including
wound repair and regeneration, morphogenesis and
matrix organisation.20 The biological roles of hyaluronic
acid are in part dependent on its hydrophilic and hydro-
dynamic properties, which allow it to retain water and
play a structural role. Indeed, hydrogels (cross-linked
hydrophilic polymers) have been used as scaffolds to
allow tissue repair or regeneration at sites of injury,
being degraded by tissue enzymes after repair is com-
pleted.19 Low molecular weight hyaluronic acid is pro-
angiogenic, induces the formation of new blood vessels
and activates a signal transduction pathway leading to
endothelial cell proliferation and migration. In contrast,
native high molecular weight hyaluronic acid is anti-
angiogenic and will inhibit blood vessel formation.19

Topic hyaluronic acid formulations are employed to treat
recurrent aphthous ulceration of the oral mucosa21, 22

with fast symptom relief, to which the dose-dependent
anti-inflammatory activity of the compound23 may also
contribute.

Chondroitin sulphate is a natural glycosaminoglycan,
present in the extracellular matrix surrounding cells,
especially in the cartilage, skin, blood vessels, ligaments
and tendons, where it forms an essential component of
proteoglycans.24 Current evidence shows that chon-
droitin sulphate fulfils important biological functions in
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ВВЕДЕНИЕ
Гастроэзофагеальная рефлюксная болезнь (ГЭРБ) – это рас-
пространенное в западных странах расстройство, основной 
симптом которого – изжога – может возникать раз в неделю 
у 26% популяции.1 Несмотря на географические вариации, 
уровень заболеваемости ГЭРБ в мире возрастает. 

В последнее десятилетие было обнаружено, что суще-
ствует два различных фенотипа заболевания. У некоторых 
пациентов присутствуют очаги поражения слизистой обо-
лочки пищевода (т.е. эрозивный эзофагит), но у большин-
ства (до 70%) по данным эндоскопии макроскопические 
нарушения слизистой оболочки отсутствуют. У данных па-
циентов, как правило, диагностируют неэрозивную реф-
люксную болезнь (НЭРБ).2-4 

Ингибиторы протонного насоса (ИПН) – это препараты 
первого выбора в лечении ГЭРБ,5 они обеспечивают уро-
вень восстановления очагов поражения пищевода, вклю-
чая язвы, до 80–85%, а также снижают частоту ослож-
нений. Объединенные анализы6,7 показали, что в 56-76% 
случаев можно достичь облегчения симптомов, несмотря 
на сниженную пользу для пациентов с НЭРБ. Согласно ши-
роко цитируемому систематическому обзору,7 у пациентов 
с НЭРБ по сравнению с пациентами с эрозивным эзофа-
гитом облегчение симптомов при приеме ИПН менее выра-
жено, а терапевтическая эффективность снижена прибли-
зительно на 20%. Обширное исследование AGA8 показало, 
что несмотря на использование ИПН более чем у 55% па-
циентов с симптомами ГЭРБ (при неэрозивном и эрозив-
ном заболевании) наблюдается снижение качества жизни. 

Недавние исследования показали, что не только кислый, 
но и некислый рефлюкс может вызывать гистопатологиче-
ские изменения, подтвержденные при помощи электрон-
ной и световой микроскопии у большинства пациентов 
с НЭРБ.9-11, в частности, расширение межклеточного про-
странства между прилегающими клетками эпителия пище-
вода является отличительной чертой микроскопического 
эзофагита. Это межклеточное пространство приводит 
к повышению проницаемости, что способствует проникно-
вению ионов водорода и других веществ (включая пепсин 
и желчь) в подслизистый слой пищевода, где они стиму-
лируют нервные волокна, вызывая типичный симптом из-
жоги. В нескольких исследованиях12 продемонстрировано 
синергическое действие кислоты и дуоденогастрального 
рефлюкса в развитии очагов поражения. Подтверждена 
важная роль пепсина в патогенезе внепищеводных прояв-
лений ГЭРБ.13 

Оптимальная терапия пациентов с НЭРБ должна быть 
направлена не только на подавление секреции кислоты, 
но и на указанные патофизиологические характеристики, 
которые являются барьером для и/или связывают оста-
точные агрессивные компоненты рефлюксата (т.е. слабо-
кислое содержимое и пепсин), стимулируя восстановление 
слизистой оболочки. Для достижения этих целей было 
специально разработано медицинское изделие III класса 

Альфазокс (Альфасигма С.п.А., Италия).14,15 Оно состоит 
из смеси (в соотношении 1:2,5) низкомолекулярной (80-100 
кДа) гиалуроновой кислоты и низкомолекулярного (10-20 
кДа) хондроитина сульфата, растворенного в биоадгезив-
ном носителе (полоксамер 407) для формирования макро-
молекулярного комплекса, обволакивающего слизистую 
оболочку пищевода и выступающего в качестве механи-
ческого барьера в отношении вредных компонентов реф-
люксата. Время транзита жидкости через пищевод очень 
ограничено (менее 16 с) даже в положении лежа.16 Вязкий 
состав, обволакивающий слизистую оболочку, ограничива-
ет контакт рефлюксной кислоты и пепсина с поверхностью 
эпителия17 и может выступать в качестве носителя для до-
ставки лекарственных препаратов местного действия в пи-
щеводе.18 

Компоненты Альфазокса – это два хорошо известных 
физиологических вещества. Гиалуроновая кислота – это 
распространенное биологически активное вещество, ре-
гулирующее клеточную функцию за счет взаимодействия 
с определенными рецепторами.19 Это многофункцио-
нальный высокомолекулярный гликозаминогликан, ком-
понент большинства внеклеточных матриксов, участвую-
щий в различных ключевых физиологических процессах, 
включая восстановление ран и регенерацию, морфогенез 
и организацию матрикса.20 Биологическая роль гиалуро-
новой кислоты частично обусловлена ее гидрофильными 
и гидродинамическими свойствами, которые позволяют 
ей удерживать воду и играть структурирующую роль. Ги-
дрогели (поперечно связанные гидрофильные полимеры) 
используют в качестве скаффолдов для восстановления 
или регенерации тканей в местах повреждения, после 
чего они распадаются под действием ферментов ткани.19 
Низкомолекулярная гиалуроновая кислота является про-
ангиогенной, она стимулирует формирование новых кро-
веносных сосудов и активирует путь передачи сигнала, 
что приводит к пролиферации и миграции эндотелиальных 
клеток. В свою очередь нативная высокомолекулярная ги-
алуроновая кислота является антиангиогенной и подавляет 
формирование кровеносных сосудов.19 Препараты гиалу-
роновой кислоты для местного применения предназначе-
ны для лечения рецидивирующих афтозных язв слизистой 
оболочки рта21,22 и обеспечивают быстрое облегчение сим-
птомов, чему также может способствовать дозозависимое 
противовоспалительное действие данного соединения23. 

Хондроитин сульфат – это естественный гликозамино-
гликан, который присутствует в окружающем клетки вне-
клеточном матриксе, в особенности в хрящах, коже, кро-
веносных сосудах, связках и сухожилиях, где он формирует 
важный компонент протеогликанов.24 Имеющиеся данные 
свидетельствуют, что хондроитин сульфат выполняет важ-
ную биологическую функцию в воспалительных процес-
сах, пролиферации, дифференциации, миграции клеток, 
морфогенезе тканей, органогенезе, инфекционных про-
цессах и заживлении ран.25 Данное действие связано со 
способностью хондроитина сульфата взаимодействовать 



3

INTRODUCTION
Gastro-oesophageal reflux disease (GERD) is a highly
prevalent disorder in Western countries, as its predomi-
nant symptom, heartburn, can occur once a week in up
to 26% of the general population.1 Despite geographical
variations, the prevalence of GERD is increasing world-
wide.

Over the past decade, it has been realised that there
are two different phenotypes of the disease. Some
patients present oesophageal mucosal lesions (i.e. erosive
oesophagitis), but the majority (up to 70%) have a
macroscopically normal mucosa at endoscopy. Such
patients are usually considered to have non-erosive reflux
disease (NERD).2–4

Proton pump inhibitors (PPIs) represent the first
choice medical treatment for GERD,5 in that they are
able to provide an 80–85% healing rate for oesophageal
lesions, including ulcers, and also reduce the incidence
of complications. Pooled analyses6, 7 have shown that in
56–76% of cases, symptom relief can also be achieved,
even though this benefit seems to be reduced in patients
with NERD. According to a widely quoted systematic
review,7 compared to patients with erosive oesophagitis,
patients with NERD display a reduced symptom relief
with PPIs, with about 20% reduction of therapeutic gain.
A large AGA survey8 found that – despite PPI use –
over 55% of subjects with GERD symptoms in the gen-
eral population (where non-erosive and erosive diseases
are obviously mixed) report continued disruption of their
quality of life.

Recent investigations have shown that not only acidic,
but also non-acidic refluxes are able to induce the histo-
pathological alterations, which have been clearly docu-
mented by electron and light microscopy in the majority
of NERD patients.9–11 In particular, the dilation of inter-
cellular spaces between adjacent cells of the oesophageal
epithelium represents a feature that has become the hall-
mark of microscopic oesophagitis. This intercellular gap
leads to increased permeability that favours the penetra-
tion of hydrogen ions and other substances (including
pepsin and bile) into oesophageal sub-mucosa, thus
reaching nerve fibres, whose stimulation generates the
typical symptom heartburn. Several studies12 suggested a
synergistic action between acid and duodeno-gastric
reflux in inducing lesions. The important role of pepsin
in the pathogenesis of extra-oesophageal manifestations
of GERD is increasingly being appreciated.13

An ideal therapy for NERD patients should – in addi-
tion to acid secretion – address all the above-mentioned
pathophysiologic features, that is provide a barrier to

(and/or bind) the residual aggressive components of the
refluxate (i.e. weakly acidic content and pepsin) while
stimulating mucosal repair. To achieve these goals, a
class III medical device, Esoxx (Alfa Wassermann,
Bologna, Italy), was specifically designed and devel-
oped.14, 15 It consists of a mixture (1:2.5 ratio) of low
molecular weight (80–100 kDa) hyaluronic acid and low
molecular weight (10–20 kDa) chondroitin sulphate, dis-
persed in a bioadhesive carrier (poloxamer 407) to form
a macromolecular complex, coating the oesophageal
mucosa and acting as a mechanical barrier against the
noxious components of the refluxate. Transit time of liq-
uids through the oesophagus is very short (less than
16 s), even in a supine subject.16 A viscous liquid formu-
lation that adheres to and coat the mucosa will limit the
contact of refluxed acid and pepsin with the epithelial
surface17 and can act as a vehicle to deliver drugs for
local action within the oesophagus.18

The components of Esoxx are two well-known physio-
logic substances. Hyaluronic acid is a widespread, biolog-
ically active substance, which regulates cellular function
through interaction with specific receptors.19 It is a mul-
tifunctional, high molecular weight glycosaminoglycan,
component of the majority of extracellular matrices and
involved in several key physiologic processes, including
wound repair and regeneration, morphogenesis and
matrix organisation.20 The biological roles of hyaluronic
acid are in part dependent on its hydrophilic and hydro-
dynamic properties, which allow it to retain water and
play a structural role. Indeed, hydrogels (cross-linked
hydrophilic polymers) have been used as scaffolds to
allow tissue repair or regeneration at sites of injury,
being degraded by tissue enzymes after repair is com-
pleted.19 Low molecular weight hyaluronic acid is pro-
angiogenic, induces the formation of new blood vessels
and activates a signal transduction pathway leading to
endothelial cell proliferation and migration. In contrast,
native high molecular weight hyaluronic acid is anti-
angiogenic and will inhibit blood vessel formation.19

Topic hyaluronic acid formulations are employed to treat
recurrent aphthous ulceration of the oral mucosa21, 22

with fast symptom relief, to which the dose-dependent
anti-inflammatory activity of the compound23 may also
contribute.

Chondroitin sulphate is a natural glycosaminoglycan,
present in the extracellular matrix surrounding cells,
especially in the cartilage, skin, blood vessels, ligaments
and tendons, where it forms an essential component of
proteoglycans.24 Current evidence shows that chon-
droitin sulphate fulfils important biological functions in
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inflammation, cell proliferation, differentiation, migra-
tion, tissue morphogenesis, organogenesis, infection and
wound repair.25 These effects are related to the capacity
of chondroitin sulphate to interact with a wide variety of
molecules including (but not limited to) matrix mole-
cules, growth factors, protease inhibitors, cytokines,
chemokines and adhesion molecules via nonspecific/
specific saccharide domains within the chains.25 The
compound is endowed with immune-modulatory,26 anti-
inflammatory25, 26 and antioxidant27 properties. Along
with nonspecific interactions, chondroitin sulphate may
display specific binding to bioactive molecules, such as
pepsin. Peptic activity is indeed reduced both in vitro28

and in vivo29, 30, and treatment of peptic ulcer with
chondroitin sulphate has been attempted in the past.31

Poloxamer 407 (ethylene oxide and propylene oxide
blocks) is a hydrophilic non-ionic surfactant, which
shows thermo-reversible properties of the utmost interest
in optimising drug formulation (fluid state at room tem-
perature, facilitating administration and gel state above
sol–gel transition temperature at body temperature, pro-
moting prolonged release of pharmacological agents).32

Poloxamer 407 formulations lead to enhanced solubilisa-
tion of poorly water-soluble drugs and prolonged release
profile for many galenic applications.33 The poloxamer
407 adhesive properties are used to lengthen residence
time of agents in the gastrointestinal tract. Good adhe-
sion in the oesophagus with efficient diffusion of the
drug into the mucosa was observed in the mouse, by
means of an optical fibre spectrofluorimetric method.32

According to European Council Directive 93/42/
EEC,34 the National Health Institute in Rome classified
this bioadhesive formulation as class III medical device,
intended for use in human beings for the purpose of
treatment or alleviation of disease. Typically, the medical
device function is achieved by physical means (including
mechanical action, physical barrier, replacement of or
support to organs or body functions).

An ex vivo experimental study on a swine model
showed that perfusion of the oesophageal lumen with this
medical device is able to prevent the increase in mucosal
permeability induced by acid and/or pepsin.35 With these
data at hand, two double-blind, placebo-controlled stud-
ies demonstrated that short-term Esoxx treatment
achieves a significant and quick symptom relief both in
patients with erosive36 or non-erosive reflux disease.37

In this prospective, double-blind, placebo-controlled
trial the efficacy and safety of Esoxx, combined to acid
suppression, vs. acid suppression alone, was evaluated in
patients with NERD, diagnosed merely as endoscopy-

negative reflux disease. This was selected to mirror the
clinical practice, outside the referral centres, where
advanced investigations are not available.

PATIENTS AND METHODS
Non-erosive reflux disease patients with typical reflux
symptoms were enrolled in the study. They were of both
sexes, and age ranged from 18 to 75 years. Two of the
following symptoms, for example heartburn, acid regur-
gitation, retrosternal pain and acid taste in the mouth,
should have been present from at least 3 months and at
least three times per week in the month preceding the
study screening visit. The diagnosis of NERD was based
on the absence of macroscopic lesions of distal oesopha-
geal mucosa at endoscopy,3, 4 performed within
6 months from the screening visit, and by the positivity
of a validated questionnaire (Reflux Disease Question-
naire, RDQ),38 that is an RDQ score ≥8.39 In accordance
with the NICE Guidelines40 and to avoid interference
with the rapid urease test,41 routinely performed during
endoscopy, patients were free from anti-secretory medi-
cation (either a PPI or an H2RA) for at least 2 weeks.

Exclusion criteria were the presence of erosive
oesophagitis or Barrett’s oesophagus, gastric or duodenal
ulcer, previous gastric or major GI surgery, atopy or
food intolerance, thyroid diseases, diabetes or metabolic
syndrome. Moreover, pregnant, lactating or fertile
women (without contraception) were also excluded.

Study design
The study was multicenter, randomised, double-blind,
placebo-controlled with parallel groups. Sixteen Italian
hospitals were involved, and each of them obtained the
approval of the respective ethical committee.

The trial was performed according to the International
Conference on Harmonization of Technical Require-
ments for Registration of Pharmaceuticals for Human
Use (ICH), guidelines for Good Clinical Practice
(GCP)42 and the Declaration of Helsinki (1996 version,
amended October 2000).43

Patients eligible for the study gave informed and written
consent and were asked to start a 15-day (�2 days) run
in/wash out period, during which any (prescription or
OTC) therapy was discontinued (visit 1). The only medi-
cations permitted were antacids or alginate-containing for-
mulations in case of symptom occurrence. At visit 2,
patients were randomised – according to a computer-gen-
erated sequence – to receive one standard dose of a PPI
(30 min before breakfast) + 10 mL (1 stick) of Esoxx One
(single dose stick formulation) or placebo (with the same
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in/wash out period, during which any (prescription or
OTC) therapy was discontinued (visit 1). The only medi-
cations permitted were antacids or alginate-containing for-
mulations in case of symptom occurrence. At visit 2,
patients were randomised – according to a computer-gen-
erated sequence – to receive one standard dose of a PPI
(30 min before breakfast) + 10 mL (1 stick) of Esoxx One
(single dose stick formulation) or placebo (with the same
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с различными молекулами, включая в том числе молекулы 
матрикса, факторы роста, ингибиторы протеазы, цитоки-
ны, хемокины и адгезивные молекулы за счет неспецифич-
ных/специфичных сахаридных доменов внутри цепей.25 
Данное соединение обладает иммуномодулирующими,26 
противовоспалительными25,26 и антиоксидантными27 свой-
ствами. Помимо неспецифичных взаимодействий хондро-
итин сульфат может специфически связываться с биоак-
тивными молекулами, например, с пепсином. Пептическая 
активность снижается in vitro28 и in vivo,29,30 ранее пред-
принимались попытки лечения язвы желудка и двенадца-
типерстной кишки при помощи хондроитина сульфата.31 
Полоксамер 407 (блоки этиленоксида и пропиленоксида) – 
это гидрофильное неионное поверхностно активное веще-
ство, обладающее термообратимыми свойствами, которое 
используют для оптимизации рецептуры лекарственных 
препаратов (находится в жидком состоянии при комнатной 
температуре, что облегчает введение, и в гелеобразном 
состоянии при переходе золя в гель при температуре тела, 
что обеспечивает пролонгированное высвобождение фар-
макологических соединений).32 

Формулы, содержащие полоксамер 407, помогают уве-
личить растворимость плохо растворимых в воде лекар-
ственных препаратов и обеспечивает пролонгированное 
высвобождение различных лекарственных форм.33 Адге-
зивные свойства полоксамера 407 используют для увели-
чения времени удерживания препаратов в желудочно-ки-
шечном тракте. Хорошая адгезия в пищеводе и выраженная 
диффузия лекарственного препарата в слизистой оболоч-
ке наблюдалась у мышей при помощи оптоволоконного 
спектрофлуорометрического метода.32 

Согласно Директиве Европейского совета 93/42/ EEC,34 
Национальный институт здравоохранения в Риме клас-
сифицировал данный биоадгезивный состав как меди-
цинское изделие III класса, предназначенное для меди-
цинского применения с целью лечения или облегчения 
заболевания. Как правило, функция медицинского изделия 
достигается физическим образом (включая механическое 
действие, физический барьер, замену или поддержание 
органов, или функций организма). 

Экспериментальное исследование ex vivo на модели 
свиней показало, что перфузия данного медицинского 
изделия в просвете пищевода может предотвратить повы-
шение проницаемости слизистой оболочки под действием 
кислоты и/или пепсина.35 С учетом этих данных два двойных 
слепых плацебо-контролируемых исследования продемон-
стрировали, что краткосрочное применение Альфазокса 
позволяет достичь существенного и быстрого облегчения 
симптомов у пациентов с эрозивной и неэрозивной реф-
люксной болезнью.37 В данном проспективном двойном 
слепом плацебо-контролируемом исследовании оценили 
эффективность и безопасность Альфазокса в комбинации 
с подавлением кислоты, а также самостоятельное пода-
вление кислоты у пациентов с НЭРБ, диагностированной 
как эндоскопически негативная рефлюксная болезнь. 

Данная популяция отражает условия клинической практи-
ки вне специализированных центров, где недоступны до-
полнительные исследования.

ПАЦИЕНТЫ И МЕТОДЫ
В исследование включали пациентов с неэрозивной 

рефлюксной болезнью с типичными рефлюксными сим-
птомами. Включали пациентов обоих полов в возрасте 
от 18 до 75 лет. Обязательным условием было наличие двух 
из следующих симптомов – изжога, кислая отрыжка, боль 
за грудиной и кислый привкус во рту – в течение не менее 3 
месяцев и не реже трех раз в неделю в течение последнего 
месяца перед визитом скрининга. Диагноз НЭРБ основан 
на отсутствии макроскопических поражений слизистой 
оболочки дистальных отделов пищевода по данным эн-
доскопии,3,4 проведенной в течение 6 месяцев до визита 
скрининга, и оценке по валидированному опроснику (Опро-
сник по рефлюксной болезни, RDQ)38 не менее 8 баллов.39 
В соответствии с руководством NICE40 и во избежание 
влияния на уреазный экспресс-тест,41 который стандартно 
проводится во время эндоскопии, пациенты не должны 
были принимать антисекреторные препараты (ИПН или H2 
блокаторы) в течение не менее 2 недель. 

Критерии исключения: эрозивный эзофагит или синдром 
Баррета, язва желудка или двенадцатиперстной кишки, хи-
рургическая операция на желудке или обширная операция 
на ЖКТ, атопия или непереносимость пищевых продуктов, 
заболевание щитовидной железы, диабет или метаболиче-
ский синдром. Кроме того, исключали беременных, кор-
мящих или фертильных женщин (не использующих методы 
контрацепции).

Дизайн исследования
Проведено многоцентровое рандомизированное двойное 
слепое плацебо-контролируемое исследование в парал-
лельных группах. В исследовании участвовало шестнад-
цать итальянских больниц, каждая из которых получила 
одобрение соответствующего этического комитета. 

Исследование проведено в соответствии с Между-
народной конференцией по гармонизации требований 
к государственной регистрации лекарственных средств 
для медицинского применения (ICH), руководством по над-
лежащей клинической практике (GCP)42 и Хельсинкской де-
кларацией (версия 1996г. в редакции от октября 2000г.).43 

Пациенты, пригодные для участия в исследовании, под-
писывали форму информированного согласия, и вступа-
ли в 15-дневный (2 дня) вводный период/период отмыв-
ки, на время которого отменялась любая (рецептурная 
или безрецептурная) терапия (визит 1). В данный период 
разрешались только антациды или альгинатные препара-
ты в случае развития симптомов. На визите 2 пациентов 
рандомизировали в последовательности, сгенерирован-
ной компьютером, в группу приема стандартной дозы ИПН 
(за 30 мин до завтрака) + 10 мл (1 упаковка) Альфазокс 
One (форма выпуска с однократной дозой) или плацебо 
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INTRODUCTION
Gastro-oesophageal reflux disease (GERD) is a highly
prevalent disorder in Western countries, as its predomi-
nant symptom, heartburn, can occur once a week in up
to 26% of the general population.1 Despite geographical
variations, the prevalence of GERD is increasing world-
wide.

Over the past decade, it has been realised that there
are two different phenotypes of the disease. Some
patients present oesophageal mucosal lesions (i.e. erosive
oesophagitis), but the majority (up to 70%) have a
macroscopically normal mucosa at endoscopy. Such
patients are usually considered to have non-erosive reflux
disease (NERD).2–4

Proton pump inhibitors (PPIs) represent the first
choice medical treatment for GERD,5 in that they are
able to provide an 80–85% healing rate for oesophageal
lesions, including ulcers, and also reduce the incidence
of complications. Pooled analyses6, 7 have shown that in
56–76% of cases, symptom relief can also be achieved,
even though this benefit seems to be reduced in patients
with NERD. According to a widely quoted systematic
review,7 compared to patients with erosive oesophagitis,
patients with NERD display a reduced symptom relief
with PPIs, with about 20% reduction of therapeutic gain.
A large AGA survey8 found that – despite PPI use –
over 55% of subjects with GERD symptoms in the gen-
eral population (where non-erosive and erosive diseases
are obviously mixed) report continued disruption of their
quality of life.

Recent investigations have shown that not only acidic,
but also non-acidic refluxes are able to induce the histo-
pathological alterations, which have been clearly docu-
mented by electron and light microscopy in the majority
of NERD patients.9–11 In particular, the dilation of inter-
cellular spaces between adjacent cells of the oesophageal
epithelium represents a feature that has become the hall-
mark of microscopic oesophagitis. This intercellular gap
leads to increased permeability that favours the penetra-
tion of hydrogen ions and other substances (including
pepsin and bile) into oesophageal sub-mucosa, thus
reaching nerve fibres, whose stimulation generates the
typical symptom heartburn. Several studies12 suggested a
synergistic action between acid and duodeno-gastric
reflux in inducing lesions. The important role of pepsin
in the pathogenesis of extra-oesophageal manifestations
of GERD is increasingly being appreciated.13

An ideal therapy for NERD patients should – in addi-
tion to acid secretion – address all the above-mentioned
pathophysiologic features, that is provide a barrier to

(and/or bind) the residual aggressive components of the
refluxate (i.e. weakly acidic content and pepsin) while
stimulating mucosal repair. To achieve these goals, a
class III medical device, Esoxx (Alfa Wassermann,
Bologna, Italy), was specifically designed and devel-
oped.14, 15 It consists of a mixture (1:2.5 ratio) of low
molecular weight (80–100 kDa) hyaluronic acid and low
molecular weight (10–20 kDa) chondroitin sulphate, dis-
persed in a bioadhesive carrier (poloxamer 407) to form
a macromolecular complex, coating the oesophageal
mucosa and acting as a mechanical barrier against the
noxious components of the refluxate. Transit time of liq-
uids through the oesophagus is very short (less than
16 s), even in a supine subject.16 A viscous liquid formu-
lation that adheres to and coat the mucosa will limit the
contact of refluxed acid and pepsin with the epithelial
surface17 and can act as a vehicle to deliver drugs for
local action within the oesophagus.18

The components of Esoxx are two well-known physio-
logic substances. Hyaluronic acid is a widespread, biolog-
ically active substance, which regulates cellular function
through interaction with specific receptors.19 It is a mul-
tifunctional, high molecular weight glycosaminoglycan,
component of the majority of extracellular matrices and
involved in several key physiologic processes, including
wound repair and regeneration, morphogenesis and
matrix organisation.20 The biological roles of hyaluronic
acid are in part dependent on its hydrophilic and hydro-
dynamic properties, which allow it to retain water and
play a structural role. Indeed, hydrogels (cross-linked
hydrophilic polymers) have been used as scaffolds to
allow tissue repair or regeneration at sites of injury,
being degraded by tissue enzymes after repair is com-
pleted.19 Low molecular weight hyaluronic acid is pro-
angiogenic, induces the formation of new blood vessels
and activates a signal transduction pathway leading to
endothelial cell proliferation and migration. In contrast,
native high molecular weight hyaluronic acid is anti-
angiogenic and will inhibit blood vessel formation.19

Topic hyaluronic acid formulations are employed to treat
recurrent aphthous ulceration of the oral mucosa21, 22

with fast symptom relief, to which the dose-dependent
anti-inflammatory activity of the compound23 may also
contribute.

Chondroitin sulphate is a natural glycosaminoglycan,
present in the extracellular matrix surrounding cells,
especially in the cartilage, skin, blood vessels, ligaments
and tendons, where it forms an essential component of
proteoglycans.24 Current evidence shows that chon-
droitin sulphate fulfils important biological functions in
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(соответствующего вкуса и вязкости, упакованное в иден-
тичный контейнер с порядковым номером) четыре раза 
в день через 1 ч после каждого приема пищи и перед сном 
в течение 14 дней. Порядок распределения определяла 
контрактная исследовательская организация LB Research, 
тогда как набор пациентов и назначение лечения осущест-
влял главный исследователь исследовательского центра 
(см. Приложение 1). Во время исследования каждый паци-
ент заполнял дневник симптомов, в который он записывал 
наличие или отсутствие каждого симптома в течение дня 
и ночи. Перед коротким курсом терапии (визит 2) и после 
него (визит 3) оценивали частоту и степень тяжести НЭРБ 
при помощи опросника RDQ. Связанное со здоровьем ка-
чество жизни (СЗКЖ) оценивали при помощи опросника 
SF-36.44 Оба опросника заполняли врачи, которые не име-
ли информации о назначенном лечении. Результаты по ка-
ждому параметру сравнивали с опубликованными данны-
ми в нормативной выборке для Италии.45 Также сравнили 
результаты до и после лечения по каждому параметру. Ди-
зайн исследования и подробный график оценки представ-
лены в Таблице S1. 

Безопасность и переносимость оценили путем регистра-
ции всех нежелательных явлений, определяемых как любые 
неблагоприятные или непредусмотренные симптомы и/или 
признаки, которые имеют причинно-следственную связь 
с исследуемыми лекарственными препаратами. Вкусовые 
качества оценивали после каждого приема лекарственно-
го препарата по 4-балльной шкале (превосходно, хорошо, 
удовлетворительно и плохо). Таким образом, проведено 4 
оценки в день х 15 дней для каждого пациента.

Приверженность пациентов определяли как процент 
использованного тестируемого препарата путем подсче-
та возвращенного лекарственного препарата на визите 3. 
Приверженность терапии от 80 до 120% считалась допу-
стимой. 

База данных европейских клинических исследований 
(EudraCT), созданная Европейским агентством по лекар-
ственным препаратом (EMA), не включает клинические 
исследования медицинских изделий, но включает ссылку 
на процедуру в стране проведения клинического иссле-
дования. Протокол клинического исследования зареги-
стрирован (код протокола: Esoxx-NERD/001/2012) в Мини-
стерстве здравоохранения Италии, а регуляторные органы 
уведомлены о начале исследования (включение первого 
пациента) и завершении исследования (последняя оценка 
последнего включенного пациента).

Статистический анализ
Первичной конечной точкой был анализ эффективности 

терапии, рассчитанный как доля пациентов со снижением 
общей оценки симптомов (ООС) не менее чем на 3 балла. 
Данный расчет проводили путем сбора и подсчета данных 
по интенсивности симптомов у каждого пациента (на осно-
вании опросника RDQ на последнем визите) и сравнения 
с исходными значениями, полученными в конце вводного 

периода/периода отмывки (визит 2). Типичные симптомы 
оценивали по 5-балльной шкале Лайкерта46: 0 = симптом 
отсутствует, 1 = симптом причиняет небольшое беспокой-
ство, 2 = симптом причиняет беспокойство, 3 = симптом 
причиняет сильное беспокойство и мешает повседневной 
деятельности, 4 = непереносимый симптом, не позволяю-
щий осуществлять повседневную деятельность. 

В исследовании было четыре различных вторичных ко-
нечных точки: (i) число пациентов с 50% снижением ООС 
на последнем визите, (ii) число пациентов со снижением 
ООС на последнем визите, (iii) изменение ООС после те-
рапии и (iv) физические и психические параметры СЗКЖ 
согласно опроснику SF-36, рассчитанные при помощи 
веб-программы47 и представленные в виде лепестковых 
диаграмм или схем.48 Также оценили изменения степени 
тяжести и частоты каждого симптома (изжога, кислая от-
рыжка, боль за грудиной, кислый привкус во рту). 

Популяция ITT включала всех рандомизированных па-
циентов, принявших хотя бы одну дозу лекарственного 
препарата, популяция по протоколу (РР) включала всех 
рандомизированных пациентов, завершивших терапию 
с приемлемой приверженностью и без нарушений прото-
кола. Первую популяцию использовали для оценки первич-
ной конечной точки, а последнюю для оценки первичной 
и вторичной конечных точек. Популяция для оценки без-
опасности включала всех рандомизированных пациентов, 
принявших хотя бы одну дозу исследуемых препаратов. 

Для сравнения процентных значений для первичных 
и вторичных конечных точек использовали Хи-квадрат 
и точный критерий Фишера (двусторонний), при этом 
арифметические средние значения и частоту сравнивали 
при помощи 95% доверительных интервалов (ДИ).49 Все 
расчеты выполняли при помощи программного обеспече-
ния PRISM 6.0 (GraphPad, San Diego, CA, США) для MAC. 

Размер выборки рассчитали на основании снижения 
ООС НЭРБ на 3 балла на последнем визите с учетом 10% 
улучшения в группе плацебо и 30% в группе Альфазокса. 
Мощность исследования 80% и уровень значимости ≤0,05 
(двусторонний точный критерий Фишера) соответствуют 
размеру выборки из 70 пациентов на группу. С учетом 12% 
пациентов, не подлежащих оценке, размер выборки увели-
чили до 80 пациентов. Расчет проводили при помощи про-
граммы STATA (версия 13, StataCorp LP, College Station, TX, 
США) для MAC.

РЕЗУЛЬТАТЫ
В 16 исследовательских центрах скринировали 172 па-

циента с НЭРБ и рандомизировали 154 из них, 76 в группу 
Альфазокса и 78 в группу плацебо. 18 пациентов выбыло 
из исследования по различным причинам: восемь в связи 
с нежелательными явлениями, два в связи с неэффектив-
ностью терапии, восемь пациентов отозвали согласие (Ри-
сунок 1). 

В таблице 1 представлены исходные демографические 
данные и клиническая характеристика изученных групп 
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INTRODUCTION
Gastro-oesophageal reflux disease (GERD) is a highly
prevalent disorder in Western countries, as its predomi-
nant symptom, heartburn, can occur once a week in up
to 26% of the general population.1 Despite geographical
variations, the prevalence of GERD is increasing world-
wide.

Over the past decade, it has been realised that there
are two different phenotypes of the disease. Some
patients present oesophageal mucosal lesions (i.e. erosive
oesophagitis), but the majority (up to 70%) have a
macroscopically normal mucosa at endoscopy. Such
patients are usually considered to have non-erosive reflux
disease (NERD).2–4

Proton pump inhibitors (PPIs) represent the first
choice medical treatment for GERD,5 in that they are
able to provide an 80–85% healing rate for oesophageal
lesions, including ulcers, and also reduce the incidence
of complications. Pooled analyses6, 7 have shown that in
56–76% of cases, symptom relief can also be achieved,
even though this benefit seems to be reduced in patients
with NERD. According to a widely quoted systematic
review,7 compared to patients with erosive oesophagitis,
patients with NERD display a reduced symptom relief
with PPIs, with about 20% reduction of therapeutic gain.
A large AGA survey8 found that – despite PPI use –
over 55% of subjects with GERD symptoms in the gen-
eral population (where non-erosive and erosive diseases
are obviously mixed) report continued disruption of their
quality of life.

Recent investigations have shown that not only acidic,
but also non-acidic refluxes are able to induce the histo-
pathological alterations, which have been clearly docu-
mented by electron and light microscopy in the majority
of NERD patients.9–11 In particular, the dilation of inter-
cellular spaces between adjacent cells of the oesophageal
epithelium represents a feature that has become the hall-
mark of microscopic oesophagitis. This intercellular gap
leads to increased permeability that favours the penetra-
tion of hydrogen ions and other substances (including
pepsin and bile) into oesophageal sub-mucosa, thus
reaching nerve fibres, whose stimulation generates the
typical symptom heartburn. Several studies12 suggested a
synergistic action between acid and duodeno-gastric
reflux in inducing lesions. The important role of pepsin
in the pathogenesis of extra-oesophageal manifestations
of GERD is increasingly being appreciated.13

An ideal therapy for NERD patients should – in addi-
tion to acid secretion – address all the above-mentioned
pathophysiologic features, that is provide a barrier to

(and/or bind) the residual aggressive components of the
refluxate (i.e. weakly acidic content and pepsin) while
stimulating mucosal repair. To achieve these goals, a
class III medical device, Esoxx (Alfa Wassermann,
Bologna, Italy), was specifically designed and devel-
oped.14, 15 It consists of a mixture (1:2.5 ratio) of low
molecular weight (80–100 kDa) hyaluronic acid and low
molecular weight (10–20 kDa) chondroitin sulphate, dis-
persed in a bioadhesive carrier (poloxamer 407) to form
a macromolecular complex, coating the oesophageal
mucosa and acting as a mechanical barrier against the
noxious components of the refluxate. Transit time of liq-
uids through the oesophagus is very short (less than
16 s), even in a supine subject.16 A viscous liquid formu-
lation that adheres to and coat the mucosa will limit the
contact of refluxed acid and pepsin with the epithelial
surface17 and can act as a vehicle to deliver drugs for
local action within the oesophagus.18

The components of Esoxx are two well-known physio-
logic substances. Hyaluronic acid is a widespread, biolog-
ically active substance, which regulates cellular function
through interaction with specific receptors.19 It is a mul-
tifunctional, high molecular weight glycosaminoglycan,
component of the majority of extracellular matrices and
involved in several key physiologic processes, including
wound repair and regeneration, morphogenesis and
matrix organisation.20 The biological roles of hyaluronic
acid are in part dependent on its hydrophilic and hydro-
dynamic properties, which allow it to retain water and
play a structural role. Indeed, hydrogels (cross-linked
hydrophilic polymers) have been used as scaffolds to
allow tissue repair or regeneration at sites of injury,
being degraded by tissue enzymes after repair is com-
pleted.19 Low molecular weight hyaluronic acid is pro-
angiogenic, induces the formation of new blood vessels
and activates a signal transduction pathway leading to
endothelial cell proliferation and migration. In contrast,
native high molecular weight hyaluronic acid is anti-
angiogenic and will inhibit blood vessel formation.19

Topic hyaluronic acid formulations are employed to treat
recurrent aphthous ulceration of the oral mucosa21, 22

with fast symptom relief, to which the dose-dependent
anti-inflammatory activity of the compound23 may also
contribute.

Chondroitin sulphate is a natural glycosaminoglycan,
present in the extracellular matrix surrounding cells,
especially in the cartilage, skin, blood vessels, ligaments
and tendons, where it forms an essential component of
proteoglycans.24 Current evidence shows that chon-
droitin sulphate fulfils important biological functions in
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inflammation, cell proliferation, differentiation, migra-
tion, tissue morphogenesis, organogenesis, infection and
wound repair.25 These effects are related to the capacity
of chondroitin sulphate to interact with a wide variety of
molecules including (but not limited to) matrix mole-
cules, growth factors, protease inhibitors, cytokines,
chemokines and adhesion molecules via nonspecific/
specific saccharide domains within the chains.25 The
compound is endowed with immune-modulatory,26 anti-
inflammatory25, 26 and antioxidant27 properties. Along
with nonspecific interactions, chondroitin sulphate may
display specific binding to bioactive molecules, such as
pepsin. Peptic activity is indeed reduced both in vitro28

and in vivo29, 30, and treatment of peptic ulcer with
chondroitin sulphate has been attempted in the past.31

Poloxamer 407 (ethylene oxide and propylene oxide
blocks) is a hydrophilic non-ionic surfactant, which
shows thermo-reversible properties of the utmost interest
in optimising drug formulation (fluid state at room tem-
perature, facilitating administration and gel state above
sol–gel transition temperature at body temperature, pro-
moting prolonged release of pharmacological agents).32

Poloxamer 407 formulations lead to enhanced solubilisa-
tion of poorly water-soluble drugs and prolonged release
profile for many galenic applications.33 The poloxamer
407 adhesive properties are used to lengthen residence
time of agents in the gastrointestinal tract. Good adhe-
sion in the oesophagus with efficient diffusion of the
drug into the mucosa was observed in the mouse, by
means of an optical fibre spectrofluorimetric method.32

According to European Council Directive 93/42/
EEC,34 the National Health Institute in Rome classified
this bioadhesive formulation as class III medical device,
intended for use in human beings for the purpose of
treatment or alleviation of disease. Typically, the medical
device function is achieved by physical means (including
mechanical action, physical barrier, replacement of or
support to organs or body functions).

An ex vivo experimental study on a swine model
showed that perfusion of the oesophageal lumen with this
medical device is able to prevent the increase in mucosal
permeability induced by acid and/or pepsin.35 With these
data at hand, two double-blind, placebo-controlled stud-
ies demonstrated that short-term Esoxx treatment
achieves a significant and quick symptom relief both in
patients with erosive36 or non-erosive reflux disease.37

In this prospective, double-blind, placebo-controlled
trial the efficacy and safety of Esoxx, combined to acid
suppression, vs. acid suppression alone, was evaluated in
patients with NERD, diagnosed merely as endoscopy-

negative reflux disease. This was selected to mirror the
clinical practice, outside the referral centres, where
advanced investigations are not available.

PATIENTS AND METHODS
Non-erosive reflux disease patients with typical reflux
symptoms were enrolled in the study. They were of both
sexes, and age ranged from 18 to 75 years. Two of the
following symptoms, for example heartburn, acid regur-
gitation, retrosternal pain and acid taste in the mouth,
should have been present from at least 3 months and at
least three times per week in the month preceding the
study screening visit. The diagnosis of NERD was based
on the absence of macroscopic lesions of distal oesopha-
geal mucosa at endoscopy,3, 4 performed within
6 months from the screening visit, and by the positivity
of a validated questionnaire (Reflux Disease Question-
naire, RDQ),38 that is an RDQ score ≥8.39 In accordance
with the NICE Guidelines40 and to avoid interference
with the rapid urease test,41 routinely performed during
endoscopy, patients were free from anti-secretory medi-
cation (either a PPI or an H2RA) for at least 2 weeks.

Exclusion criteria were the presence of erosive
oesophagitis or Barrett’s oesophagus, gastric or duodenal
ulcer, previous gastric or major GI surgery, atopy or
food intolerance, thyroid diseases, diabetes or metabolic
syndrome. Moreover, pregnant, lactating or fertile
women (without contraception) were also excluded.

Study design
The study was multicenter, randomised, double-blind,
placebo-controlled with parallel groups. Sixteen Italian
hospitals were involved, and each of them obtained the
approval of the respective ethical committee.

The trial was performed according to the International
Conference on Harmonization of Technical Require-
ments for Registration of Pharmaceuticals for Human
Use (ICH), guidelines for Good Clinical Practice
(GCP)42 and the Declaration of Helsinki (1996 version,
amended October 2000).43

Patients eligible for the study gave informed and written
consent and were asked to start a 15-day (�2 days) run
in/wash out period, during which any (prescription or
OTC) therapy was discontinued (visit 1). The only medi-
cations permitted were antacids or alginate-containing for-
mulations in case of symptom occurrence. At visit 2,
patients were randomised – according to a computer-gen-
erated sequence – to receive one standard dose of a PPI
(30 min before breakfast) + 10 mL (1 stick) of Esoxx One
(single dose stick formulation) or placebo (with the same
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в популяции ITT. Статистические различия в характеристи-
ках включенных пациентов между группами отсутствовали. 

Приверженность, определенная как среднее число 
(±СО) принятых упаковок, была сопоставима (P = НЗ) меж-
ду группами терапии: 90,9 ± 22,9 и 90,2 ± 20,7 в группе 
Альфазокса и плацебо соответственно. 

ООС – общая оценка симптомов (изжога, боль за груди-
ной, отрыжка, кислый привкус).

Что касается первичной конечной точки, в таблице 2 
(анализ популяции ITT) показано, что доля пациентов со 
снижением ООС не менее чем на 3 балла на конечном 
визите была выше в группе Альфазокса по сравнению 
с группой плацебо, а различие всегда было значимым. 
Также доля пациентов с 50% снижением ООС на визите 3 

(вторичная конечная точка) была значимо выше (P <0,042) 
в группе Альфазокса (38,2%) по сравнению с группой пла-
цебо (23,1%) (Таблица 2). Кроме того, число пациентов со 
снижением ООС на конечном визите было значимо выше 
в группе Альфазокса по сравнению с группой плацебо (P 
<0,026). Также ООС после терапии улучшилась в группе 
Альфазокса в большей степени по сравнению с группой 
плацебо (P <0,011). Аналогичные результаты получены 
в популяции PP (Таблица S2). Как показано в таблице 3, 
все симптомы снизились в обеих группах, но облегчение 
изжоги и в особенности отрыжки было более выражено 
в группе Альфазокса по сравнению с группой ИПН. Тера-
певтическая польза в группе Альфазокса составила 20,5%, 

Анализируемая популяция ITT (n=76) 
Анализируемая популяция ITT (n=76)
 ◆ Исключено из анализа (n=0)

Распределено в группу Esoxx (n=76)
 ◆ Получили назначенную терапию (n=76)
 ◆ Не получили назначенную терапию (n=0)

Потеря связи (n=0) 
Терапия прекращена в связи с 
Нежелательными явлениями (n=5)

Набор пациентов

Распределение

Анализ

Наблюдение

Рандомизировано  
(n=154)

Оценка пригодности 
(n=172)

Анализируемая популяция ITT (n=78) 
Анализируемая популяция ITT (n=71
 ◆ Исключено из анализа (не получили 

назначенную терапию) (n=7)

Потеря связи (n=0) 
Терапия прекращена (n=13) 
В связи с нежелательными явлениями 
(3), отзывом согласия (8), недостаточной 
эффективностью (2)

Распределено в группу плацебо (n=78)
 ◆ Получили назначенную терапию (n=71)
 ◆ Не получили назначенную терапию (n=7)

Исключено (n=4):
 ◆ не соответствуют критериям 

включения (n=1)
 ◆ отказались от участия (n=3)
 ◆ другие причины (n=0)

Рисунок 1. I Схема Consort 2010
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INTRODUCTION
Gastro-oesophageal reflux disease (GERD) is a highly
prevalent disorder in Western countries, as its predomi-
nant symptom, heartburn, can occur once a week in up
to 26% of the general population.1 Despite geographical
variations, the prevalence of GERD is increasing world-
wide.

Over the past decade, it has been realised that there
are two different phenotypes of the disease. Some
patients present oesophageal mucosal lesions (i.e. erosive
oesophagitis), but the majority (up to 70%) have a
macroscopically normal mucosa at endoscopy. Such
patients are usually considered to have non-erosive reflux
disease (NERD).2–4

Proton pump inhibitors (PPIs) represent the first
choice medical treatment for GERD,5 in that they are
able to provide an 80–85% healing rate for oesophageal
lesions, including ulcers, and also reduce the incidence
of complications. Pooled analyses6, 7 have shown that in
56–76% of cases, symptom relief can also be achieved,
even though this benefit seems to be reduced in patients
with NERD. According to a widely quoted systematic
review,7 compared to patients with erosive oesophagitis,
patients with NERD display a reduced symptom relief
with PPIs, with about 20% reduction of therapeutic gain.
A large AGA survey8 found that – despite PPI use –
over 55% of subjects with GERD symptoms in the gen-
eral population (where non-erosive and erosive diseases
are obviously mixed) report continued disruption of their
quality of life.

Recent investigations have shown that not only acidic,
but also non-acidic refluxes are able to induce the histo-
pathological alterations, which have been clearly docu-
mented by electron and light microscopy in the majority
of NERD patients.9–11 In particular, the dilation of inter-
cellular spaces between adjacent cells of the oesophageal
epithelium represents a feature that has become the hall-
mark of microscopic oesophagitis. This intercellular gap
leads to increased permeability that favours the penetra-
tion of hydrogen ions and other substances (including
pepsin and bile) into oesophageal sub-mucosa, thus
reaching nerve fibres, whose stimulation generates the
typical symptom heartburn. Several studies12 suggested a
synergistic action between acid and duodeno-gastric
reflux in inducing lesions. The important role of pepsin
in the pathogenesis of extra-oesophageal manifestations
of GERD is increasingly being appreciated.13

An ideal therapy for NERD patients should – in addi-
tion to acid secretion – address all the above-mentioned
pathophysiologic features, that is provide a barrier to

(and/or bind) the residual aggressive components of the
refluxate (i.e. weakly acidic content and pepsin) while
stimulating mucosal repair. To achieve these goals, a
class III medical device, Esoxx (Alfa Wassermann,
Bologna, Italy), was specifically designed and devel-
oped.14, 15 It consists of a mixture (1:2.5 ratio) of low
molecular weight (80–100 kDa) hyaluronic acid and low
molecular weight (10–20 kDa) chondroitin sulphate, dis-
persed in a bioadhesive carrier (poloxamer 407) to form
a macromolecular complex, coating the oesophageal
mucosa and acting as a mechanical barrier against the
noxious components of the refluxate. Transit time of liq-
uids through the oesophagus is very short (less than
16 s), even in a supine subject.16 A viscous liquid formu-
lation that adheres to and coat the mucosa will limit the
contact of refluxed acid and pepsin with the epithelial
surface17 and can act as a vehicle to deliver drugs for
local action within the oesophagus.18

The components of Esoxx are two well-known physio-
logic substances. Hyaluronic acid is a widespread, biolog-
ically active substance, which regulates cellular function
through interaction with specific receptors.19 It is a mul-
tifunctional, high molecular weight glycosaminoglycan,
component of the majority of extracellular matrices and
involved in several key physiologic processes, including
wound repair and regeneration, morphogenesis and
matrix organisation.20 The biological roles of hyaluronic
acid are in part dependent on its hydrophilic and hydro-
dynamic properties, which allow it to retain water and
play a structural role. Indeed, hydrogels (cross-linked
hydrophilic polymers) have been used as scaffolds to
allow tissue repair or regeneration at sites of injury,
being degraded by tissue enzymes after repair is com-
pleted.19 Low molecular weight hyaluronic acid is pro-
angiogenic, induces the formation of new blood vessels
and activates a signal transduction pathway leading to
endothelial cell proliferation and migration. In contrast,
native high molecular weight hyaluronic acid is anti-
angiogenic and will inhibit blood vessel formation.19

Topic hyaluronic acid formulations are employed to treat
recurrent aphthous ulceration of the oral mucosa21, 22

with fast symptom relief, to which the dose-dependent
anti-inflammatory activity of the compound23 may also
contribute.

Chondroitin sulphate is a natural glycosaminoglycan,
present in the extracellular matrix surrounding cells,
especially in the cartilage, skin, blood vessels, ligaments
and tendons, where it forms an essential component of
proteoglycans.24 Current evidence shows that chon-
droitin sulphate fulfils important biological functions in

2 Aliment Pharmacol Ther

ª 2017 The Authors. Alimentary Pharmacology and Therapeutics published by John Wiley & Sons Ltd.

V. Savarino et al.INTRODUCTION
Gastro-oesophageal reflux disease (GERD) is a highly
prevalent disorder in Western countries, as its predomi-
nant symptom, heartburn, can occur once a week in up
to 26% of the general population.1 Despite geographical
variations, the prevalence of GERD is increasing world-
wide.

Over the past decade, it has been realised that there
are two different phenotypes of the disease. Some
patients present oesophageal mucosal lesions (i.e. erosive
oesophagitis), but the majority (up to 70%) have a
macroscopically normal mucosa at endoscopy. Such
patients are usually considered to have non-erosive reflux
disease (NERD).2–4

Proton pump inhibitors (PPIs) represent the first
choice medical treatment for GERD,5 in that they are
able to provide an 80–85% healing rate for oesophageal
lesions, including ulcers, and also reduce the incidence
of complications. Pooled analyses6, 7 have shown that in
56–76% of cases, symptom relief can also be achieved,
even though this benefit seems to be reduced in patients
with NERD. According to a widely quoted systematic
review,7 compared to patients with erosive oesophagitis,
patients with NERD display a reduced symptom relief
with PPIs, with about 20% reduction of therapeutic gain.
A large AGA survey8 found that – despite PPI use –
over 55% of subjects with GERD symptoms in the gen-
eral population (where non-erosive and erosive diseases
are obviously mixed) report continued disruption of their
quality of life.

Recent investigations have shown that not only acidic,
but also non-acidic refluxes are able to induce the histo-
pathological alterations, which have been clearly docu-
mented by electron and light microscopy in the majority
of NERD patients.9–11 In particular, the dilation of inter-
cellular spaces between adjacent cells of the oesophageal
epithelium represents a feature that has become the hall-
mark of microscopic oesophagitis. This intercellular gap
leads to increased permeability that favours the penetra-
tion of hydrogen ions and other substances (including
pepsin and bile) into oesophageal sub-mucosa, thus
reaching nerve fibres, whose stimulation generates the
typical symptom heartburn. Several studies12 suggested a
synergistic action between acid and duodeno-gastric
reflux in inducing lesions. The important role of pepsin
in the pathogenesis of extra-oesophageal manifestations
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stimulating mucosal repair. To achieve these goals, a
class III medical device, Esoxx (Alfa Wassermann,
Bologna, Italy), was specifically designed and devel-
oped.14, 15 It consists of a mixture (1:2.5 ratio) of low
molecular weight (80–100 kDa) hyaluronic acid and low
molecular weight (10–20 kDa) chondroitin sulphate, dis-
persed in a bioadhesive carrier (poloxamer 407) to form
a macromolecular complex, coating the oesophageal
mucosa and acting as a mechanical barrier against the
noxious components of the refluxate. Transit time of liq-
uids through the oesophagus is very short (less than
16 s), even in a supine subject.16 A viscous liquid formu-
lation that adheres to and coat the mucosa will limit the
contact of refluxed acid and pepsin with the epithelial
surface17 and can act as a vehicle to deliver drugs for
local action within the oesophagus.18

The components of Esoxx are two well-known physio-
logic substances. Hyaluronic acid is a widespread, biolog-
ically active substance, which regulates cellular function
through interaction with specific receptors.19 It is a mul-
tifunctional, high molecular weight glycosaminoglycan,
component of the majority of extracellular matrices and
involved in several key physiologic processes, including
wound repair and regeneration, morphogenesis and
matrix organisation.20 The biological roles of hyaluronic
acid are in part dependent on its hydrophilic and hydro-
dynamic properties, which allow it to retain water and
play a structural role. Indeed, hydrogels (cross-linked
hydrophilic polymers) have been used as scaffolds to
allow tissue repair or regeneration at sites of injury,
being degraded by tissue enzymes after repair is com-
pleted.19 Low molecular weight hyaluronic acid is pro-
angiogenic, induces the formation of new blood vessels
and activates a signal transduction pathway leading to
endothelial cell proliferation and migration. In contrast,
native high molecular weight hyaluronic acid is anti-
angiogenic and will inhibit blood vessel formation.19

Topic hyaluronic acid formulations are employed to treat
recurrent aphthous ulceration of the oral mucosa21, 22

with fast symptom relief, to which the dose-dependent
anti-inflammatory activity of the compound23 may also
contribute.

Chondroitin sulphate is a natural glycosaminoglycan,
present in the extracellular matrix surrounding cells,
especially in the cartilage, skin, blood vessels, ligaments
and tendons, where it forms an essential component of
proteoglycans.24 Current evidence shows that chon-
droitin sulphate fulfils important biological functions in
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Альфазокс (n=76) Плацебо (n=78) Значение Р

Женщины, N (%) 48 (63,2%) 46 (59,0%) НЗ

Возраст (лет), среднее значение ± СО 45,45±14,98 45,51±13,37 НЗ

Диапазон (мин-макс) 18-81 24-75

ИМТ (кг/м2) 23,87±3,10 23,77±3,23 НЗ

Общая оценка симптомов ГЭРБ 7,30±2,4 7,19±2,6 НЗ

Доля пациентов с не менее чем 3 симптомами ГЭРБ (%) 44,0 41,0 НЗ

   Изжога 84,2 85,9

   Боль за грудиной 53,9 49,3

   Кислая отрыжка 69,7 66,2

   Кислый привкус во рту 60,5 59,2

Предшествующая терапия ИПН (%) 56,6 64,8 НЗ

Другая предшествующая терапия ГЭРБ (%) 23,7 29,6 НЗ

15,3% и 10,2% для ООС (степень тяжести симптомов), ча-

стоты изжоги и отрыжки соответственно. 

Качество жизни, оцениваемое по параметрам опросника 

SF-36, также улучшилось в обеих группах терапии (Рисунок 

2). Через 2 недели терапии результаты оценки по опроснику 

SF-36 приблизились к нормативной выборке для Италии.45 

Однако улучшение общего восприятия состояния здоровья 

и социальной функции было значительно лучше (P <0,01 

и P < 0,02 соответственно) в группе Альфазокс + ИПН. 

Безопасность Альфазокса была очень хорошей, общее 

число нежелательных явлений было сопоставимо с группой 

плацебо, серьезные нежелательные явления не зарегистри-

рованы ни в одной из групп терапии. Наиболее частые про-

явления наблюдались со стороны желудочно-кишечного 

тракта (тошнота, метеоризм, вздутие живота, диспепсия 

и т.д.) и органов дыхания (кашель, ринит, фарингит). 

На основании общего числа оценок (n = 7230) в 92% 

случаев вкусовые качества Альфазокса считались прием-

лемыми вне зависимости от времени приема (во время дня 

или перед сном), аналогичная оценка зарегистрирована 

в 90% случаев для плацебо (Р = НЗ). 

ОБСУЖДЕНИЕ
Результаты исследования показали, что сочетание за-

щиты слизистой оболочки с подавлением кислоты позво-

ляет достичь облегчения симптомов НЭРБ у значительно 

большего числа пациентов. Первичные и вторичные конеч-

ные точки достигнуты у большей доли участников.

Таблица 1. I Исходные характеристики пациентов с НЭРБ, получающих Альфазокс или плацебо в комбинации с ИПН

Таблица 2. I Влияние Альфазокс в комбинации с ИПН на первичную и вторичные конечные точки у пациентов 
с НЭРБ: анализ популяции ITT

Конечные точки исследования ИПН+Альфазокс ИПН+плацебо Значение Р

n/N % n/N %

Первичная

Число пациентов со снижением ООС не менее 
чем на 3 балла

40/76 52,6 25/78 32,1 0,01

Вторичные

Число пациентов со снижением ООС на 50% 29/76 38,2 18/78 23,1 0,042

Число пациентов со снижением ООС 
на финальном визите

60/76 78,9 44/78 56,4 0,003

ООС (±СО) до и после терапии До После До После

8,53±2,6 5,42±2,1 8,03±2,7 6,49±2,6

Изменение (±СО) ООС -3,11±3,1 -1,54±3,0 0,002
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INTRODUCTION
Gastro-oesophageal reflux disease (GERD) is a highly
prevalent disorder in Western countries, as its predomi-
nant symptom, heartburn, can occur once a week in up
to 26% of the general population.1 Despite geographical
variations, the prevalence of GERD is increasing world-
wide.

Over the past decade, it has been realised that there
are two different phenotypes of the disease. Some
patients present oesophageal mucosal lesions (i.e. erosive
oesophagitis), but the majority (up to 70%) have a
macroscopically normal mucosa at endoscopy. Such
patients are usually considered to have non-erosive reflux
disease (NERD).2–4

Proton pump inhibitors (PPIs) represent the first
choice medical treatment for GERD,5 in that they are
able to provide an 80–85% healing rate for oesophageal
lesions, including ulcers, and also reduce the incidence
of complications. Pooled analyses6, 7 have shown that in
56–76% of cases, symptom relief can also be achieved,
even though this benefit seems to be reduced in patients
with NERD. According to a widely quoted systematic
review,7 compared to patients with erosive oesophagitis,
patients with NERD display a reduced symptom relief
with PPIs, with about 20% reduction of therapeutic gain.
A large AGA survey8 found that – despite PPI use –
over 55% of subjects with GERD symptoms in the gen-
eral population (where non-erosive and erosive diseases
are obviously mixed) report continued disruption of their
quality of life.

Recent investigations have shown that not only acidic,
but also non-acidic refluxes are able to induce the histo-
pathological alterations, which have been clearly docu-
mented by electron and light microscopy in the majority
of NERD patients.9–11 In particular, the dilation of inter-
cellular spaces between adjacent cells of the oesophageal
epithelium represents a feature that has become the hall-
mark of microscopic oesophagitis. This intercellular gap
leads to increased permeability that favours the penetra-
tion of hydrogen ions and other substances (including
pepsin and bile) into oesophageal sub-mucosa, thus
reaching nerve fibres, whose stimulation generates the
typical symptom heartburn. Several studies12 suggested a
synergistic action between acid and duodeno-gastric
reflux in inducing lesions. The important role of pepsin
in the pathogenesis of extra-oesophageal manifestations
of GERD is increasingly being appreciated.13

An ideal therapy for NERD patients should – in addi-
tion to acid secretion – address all the above-mentioned
pathophysiologic features, that is provide a barrier to

(and/or bind) the residual aggressive components of the
refluxate (i.e. weakly acidic content and pepsin) while
stimulating mucosal repair. To achieve these goals, a
class III medical device, Esoxx (Alfa Wassermann,
Bologna, Italy), was specifically designed and devel-
oped.14, 15 It consists of a mixture (1:2.5 ratio) of low
molecular weight (80–100 kDa) hyaluronic acid and low
molecular weight (10–20 kDa) chondroitin sulphate, dis-
persed in a bioadhesive carrier (poloxamer 407) to form
a macromolecular complex, coating the oesophageal
mucosa and acting as a mechanical barrier against the
noxious components of the refluxate. Transit time of liq-
uids through the oesophagus is very short (less than
16 s), even in a supine subject.16 A viscous liquid formu-
lation that adheres to and coat the mucosa will limit the
contact of refluxed acid and pepsin with the epithelial
surface17 and can act as a vehicle to deliver drugs for
local action within the oesophagus.18

The components of Esoxx are two well-known physio-
logic substances. Hyaluronic acid is a widespread, biolog-
ically active substance, which regulates cellular function
through interaction with specific receptors.19 It is a mul-
tifunctional, high molecular weight glycosaminoglycan,
component of the majority of extracellular matrices and
involved in several key physiologic processes, including
wound repair and regeneration, morphogenesis and
matrix organisation.20 The biological roles of hyaluronic
acid are in part dependent on its hydrophilic and hydro-
dynamic properties, which allow it to retain water and
play a structural role. Indeed, hydrogels (cross-linked
hydrophilic polymers) have been used as scaffolds to
allow tissue repair or regeneration at sites of injury,
being degraded by tissue enzymes after repair is com-
pleted.19 Low molecular weight hyaluronic acid is pro-
angiogenic, induces the formation of new blood vessels
and activates a signal transduction pathway leading to
endothelial cell proliferation and migration. In contrast,
native high molecular weight hyaluronic acid is anti-
angiogenic and will inhibit blood vessel formation.19

Topic hyaluronic acid formulations are employed to treat
recurrent aphthous ulceration of the oral mucosa21, 22

with fast symptom relief, to which the dose-dependent
anti-inflammatory activity of the compound23 may also
contribute.

Chondroitin sulphate is a natural glycosaminoglycan,
present in the extracellular matrix surrounding cells,
especially in the cartilage, skin, blood vessels, ligaments
and tendons, where it forms an essential component of
proteoglycans.24 Current evidence shows that chon-
droitin sulphate fulfils important biological functions in
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inflammation, cell proliferation, differentiation, migra-
tion, tissue morphogenesis, organogenesis, infection and
wound repair.25 These effects are related to the capacity
of chondroitin sulphate to interact with a wide variety of
molecules including (but not limited to) matrix mole-
cules, growth factors, protease inhibitors, cytokines,
chemokines and adhesion molecules via nonspecific/
specific saccharide domains within the chains.25 The
compound is endowed with immune-modulatory,26 anti-
inflammatory25, 26 and antioxidant27 properties. Along
with nonspecific interactions, chondroitin sulphate may
display specific binding to bioactive molecules, such as
pepsin. Peptic activity is indeed reduced both in vitro28

and in vivo29, 30, and treatment of peptic ulcer with
chondroitin sulphate has been attempted in the past.31

Poloxamer 407 (ethylene oxide and propylene oxide
blocks) is a hydrophilic non-ionic surfactant, which
shows thermo-reversible properties of the utmost interest
in optimising drug formulation (fluid state at room tem-
perature, facilitating administration and gel state above
sol–gel transition temperature at body temperature, pro-
moting prolonged release of pharmacological agents).32

Poloxamer 407 formulations lead to enhanced solubilisa-
tion of poorly water-soluble drugs and prolonged release
profile for many galenic applications.33 The poloxamer
407 adhesive properties are used to lengthen residence
time of agents in the gastrointestinal tract. Good adhe-
sion in the oesophagus with efficient diffusion of the
drug into the mucosa was observed in the mouse, by
means of an optical fibre spectrofluorimetric method.32

According to European Council Directive 93/42/
EEC,34 the National Health Institute in Rome classified
this bioadhesive formulation as class III medical device,
intended for use in human beings for the purpose of
treatment or alleviation of disease. Typically, the medical
device function is achieved by physical means (including
mechanical action, physical barrier, replacement of or
support to organs or body functions).

An ex vivo experimental study on a swine model
showed that perfusion of the oesophageal lumen with this
medical device is able to prevent the increase in mucosal
permeability induced by acid and/or pepsin.35 With these
data at hand, two double-blind, placebo-controlled stud-
ies demonstrated that short-term Esoxx treatment
achieves a significant and quick symptom relief both in
patients with erosive36 or non-erosive reflux disease.37

In this prospective, double-blind, placebo-controlled
trial the efficacy and safety of Esoxx, combined to acid
suppression, vs. acid suppression alone, was evaluated in
patients with NERD, diagnosed merely as endoscopy-

negative reflux disease. This was selected to mirror the
clinical practice, outside the referral centres, where
advanced investigations are not available.

PATIENTS AND METHODS
Non-erosive reflux disease patients with typical reflux
symptoms were enrolled in the study. They were of both
sexes, and age ranged from 18 to 75 years. Two of the
following symptoms, for example heartburn, acid regur-
gitation, retrosternal pain and acid taste in the mouth,
should have been present from at least 3 months and at
least three times per week in the month preceding the
study screening visit. The diagnosis of NERD was based
on the absence of macroscopic lesions of distal oesopha-
geal mucosa at endoscopy,3, 4 performed within
6 months from the screening visit, and by the positivity
of a validated questionnaire (Reflux Disease Question-
naire, RDQ),38 that is an RDQ score ≥8.39 In accordance
with the NICE Guidelines40 and to avoid interference
with the rapid urease test,41 routinely performed during
endoscopy, patients were free from anti-secretory medi-
cation (either a PPI or an H2RA) for at least 2 weeks.

Exclusion criteria were the presence of erosive
oesophagitis or Barrett’s oesophagus, gastric or duodenal
ulcer, previous gastric or major GI surgery, atopy or
food intolerance, thyroid diseases, diabetes or metabolic
syndrome. Moreover, pregnant, lactating or fertile
women (without contraception) were also excluded.

Study design
The study was multicenter, randomised, double-blind,
placebo-controlled with parallel groups. Sixteen Italian
hospitals were involved, and each of them obtained the
approval of the respective ethical committee.

The trial was performed according to the International
Conference on Harmonization of Technical Require-
ments for Registration of Pharmaceuticals for Human
Use (ICH), guidelines for Good Clinical Practice
(GCP)42 and the Declaration of Helsinki (1996 version,
amended October 2000).43

Patients eligible for the study gave informed and written
consent and were asked to start a 15-day (�2 days) run
in/wash out period, during which any (prescription or
OTC) therapy was discontinued (visit 1). The only medi-
cations permitted were antacids or alginate-containing for-
mulations in case of symptom occurrence. At visit 2,
patients were randomised – according to a computer-gen-
erated sequence – to receive one standard dose of a PPI
(30 min before breakfast) + 10 mL (1 stick) of Esoxx One
(single dose stick formulation) or placebo (with the same
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ulcer, previous gastric or major GI surgery, atopy or
food intolerance, thyroid diseases, diabetes or metabolic
syndrome. Moreover, pregnant, lactating or fertile
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Симптом

ИПН+Альфазокс, 
средняя оценка ± СО Скорректированное 

среднее изменение 
(95% ДИ)

ИПН+ плацебо, сред-
няя оценка ± СО Скорректиро-

ванное среднее 
изменение (95% 

ДИ)

Значение Р  
Альфазокс 
и плацебоДо 

терапии
После 

терапии
До 

терапии
После 

терапии

(а)

Изжога 1,80±1,1 0,72±0,8 -1,131 (от -1,340 
до -0,922)

1,99±1,0 1,09±1,0 -0,836 (от -1,034 
до -0,638)

0,0319

Отрыжка 1,84±1,1 0,64±0,8 -1,095 (от -1,280 
до -0,911)

1,53±1,1 0,94±1,0 -0,685 (от -0,861 
до -0,509)

0,0009

Боль 
за грудиной

1,36±1,2 0,42±0,7 -0,852 (от -1,023 
до -0,682)

1,15±1,2 0,59±0,8 -0,612 (от -0,775 
до -0,449)

0,0323

Кислый 
привкус во рту

1,53±1,1 0,63±0,8 -0,754 (от -0,968 
до 0,541)

1,3±1,1 0,8±1,0 -0,494 (от -0,696 
до -0,291)

0,0623

(b)

Изжога 3,08±1,7 1,38±1,5 -1,719 (от -2,083 
до -1,354)

3,23±1,5 1,94±1,6 -1,229 (от -1,578 
до -0,883)

0,0408

Отрыжка 2,92±1,7 1,23±1,5 -1,562 (от -1,892 
до -1,233)

2,60±1,8 1,63±1,7 -1,021 (от -1,332 
до -0,710)

0,0128

Боль 
за грудиной

2,14±1,8 0,82±1,3 -1,232 (от -1,511 
до -0,952)

1,86±1,7 1,03±1,3 -0,896 (от -1,163 
до -0,630)

0,0676

Кислый 
привкус во рту

2,57±1,7 1,16±1,5 -1,258 (от -1,640 
до 0,930)

2,38±1,8 1,53±1,7 -0,876 (от -1,213 
до -0,540)

0,0790

Таблица 3. I Влияние Альфазокса в комбинации с ИПН на (а) степень тяжести и (b) частоту симптомов 
ГЭРБ у пациентов с НЭРБ: анализ популяции ITT

Рисунок 2. I СЗКЖ у пациентов с НЭРБ до и после 2-недельной терапии Альфазокса или плацебо в комбинации с ИПН. 
Обратите внимание, что параметры SF-36 после терапии приближены к нормативной выборке Италии. 

PF – физическая функция
VT – жизненная активность

BP – интенсивность боли
RE – ролевое эмоциональное функционирование

RP – ролевое физическое функционирование
SP – социальное функционирование

GH – общее состояние здоровья
MH – психическое состояние здоровья

appropriately treated patients do not respond to PPI
therapy at standard doses.52

contribute to the failure of PPI treatment. They include
patient-related (e.g. lack of compliance), physician-related
(e.g. misdiagnosis) and drug-related (e.g. short duration of
action) mechanisms.53, 54 At the present time, much

current research is focused on weakly acidic reflux55 and
oesophageal hypersensitivity.56 The pH-impedance tech-
nique has been increasingly used to explore the underlying
pathophysiology in PPI-resistant patients. Several groups
o�nvestigators have indeed shown that weakly acidic
reflux plays a major role in PPI-resistant erosive and non-
erosive disease.57pH-impedance monitoring has also

Table 3 | E�ect of Esoxx, combined with PPI therapy, on (a) severity and (b) frequency of GERD symptoms in patients
with NERD: ITT analysis

Symptom

PPI + Esoxx, mean
score s.d.

Adjusted mean
change (95% CI)

PPI + placebo, mean
score s.d.

Adjusted mean
change (95% CI)

P value Esoxx
vs. placebo

Before
therapy

After
therapy

Before
therapy

After
therapy

(a)
Heartburn 1.80 1.1 0.72 0.8 1.131 ( 1.340 to 0.922) 1.99 1.0 1.09 1.0 0.836 ( 1.034 to 0.638) 0.0319
Regurgitation 1.84 1.1 0.64 0.8 1.095 ( 1.280 to 0.911) 1.53 1.1 0.94 1.0 0.685 ( 0.861 to 0.509) 0.0009
Retrosternal
pain

1.36 1.2 0.42 0.7 0.852 ( 1.023 to 0.682) 1.15 1.2 0.59 0.8 0.612 ( 0.775 to 0.449) 0.0323

Acid taste in
the mouth

1.53 1.1 0.63 0.8 0.754 ( 0.968 to 0.541) 1.3 1.1 0.8 1.0 0.494 ( 0.696 to 0.291) 0.0623

(b)
Heartburn 3.08 1.7 1.38 1.5 1.719 ( 2.083 to 1.354) 3.23 1.5 1.94 1.6 1.229 ( 1.578 to 0.883) 0.0408
Regurgitation 2.92 1.7 1.23 1.5 1.562 ( 1.892 to 1.233) 2.60 1.8 1.63 1.7 1.021 ( 1.332 to 0.710) 0.0128
Retrosternal
pain

2.14 1.8 0.82 1.3 1.232 ( 1.511 to 0.952) 1.86 1.7 1.03 1.3 0.896 ( 1.163 to 0.630) 0.0676

Acid taste in
the mouth
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0
10
20
30
40
50
60
70
80
90

100
PF

RP

BP

GH

VT

SF

RE

MH

0
10
20
30
40
50
60
70
80
90

100
PF

RP

BP

GH

VT

SF

RE

MH

Нормативная выборка

После терапии 

До терапии

ИПН + Esoxx ИПН + плацебо

Aliment Pharmacol Ther 7
ª 2017 The Authors. Alimentary Pharmacology and Therapeuticspublished by John Wiley & Sons Ltd.

Randomised clinical trial: mucosal protection in NERD



8

INTRODUCTION
Gastro-oesophageal reflux disease (GERD) is a highly
prevalent disorder in Western countries, as its predomi-
nant symptom, heartburn, can occur once a week in up
to 26% of the general population.1 Despite geographical
variations, the prevalence of GERD is increasing world-
wide.

Over the past decade, it has been realised that there
are two different phenotypes of the disease. Some
patients present oesophageal mucosal lesions (i.e. erosive
oesophagitis), but the majority (up to 70%) have a
macroscopically normal mucosa at endoscopy. Such
patients are usually considered to have non-erosive reflux
disease (NERD).2–4

Proton pump inhibitors (PPIs) represent the first
choice medical treatment for GERD,5 in that they are
able to provide an 80–85% healing rate for oesophageal
lesions, including ulcers, and also reduce the incidence
of complications. Pooled analyses6, 7 have shown that in
56–76% of cases, symptom relief can also be achieved,
even though this benefit seems to be reduced in patients
with NERD. According to a widely quoted systematic
review,7 compared to patients with erosive oesophagitis,
patients with NERD display a reduced symptom relief
with PPIs, with about 20% reduction of therapeutic gain.
A large AGA survey8 found that – despite PPI use –
over 55% of subjects with GERD symptoms in the gen-
eral population (where non-erosive and erosive diseases
are obviously mixed) report continued disruption of their
quality of life.

Recent investigations have shown that not only acidic,
but also non-acidic refluxes are able to induce the histo-
pathological alterations, which have been clearly docu-
mented by electron and light microscopy in the majority
of NERD patients.9–11 In particular, the dilation of inter-
cellular spaces between adjacent cells of the oesophageal
epithelium represents a feature that has become the hall-
mark of microscopic oesophagitis. This intercellular gap
leads to increased permeability that favours the penetra-
tion of hydrogen ions and other substances (including
pepsin and bile) into oesophageal sub-mucosa, thus
reaching nerve fibres, whose stimulation generates the
typical symptom heartburn. Several studies12 suggested a
synergistic action between acid and duodeno-gastric
reflux in inducing lesions. The important role of pepsin
in the pathogenesis of extra-oesophageal manifestations
of GERD is increasingly being appreciated.13

An ideal therapy for NERD patients should – in addi-
tion to acid secretion – address all the above-mentioned
pathophysiologic features, that is provide a barrier to

(and/or bind) the residual aggressive components of the
refluxate (i.e. weakly acidic content and pepsin) while
stimulating mucosal repair. To achieve these goals, a
class III medical device, Esoxx (Alfa Wassermann,
Bologna, Italy), was specifically designed and devel-
oped.14, 15 It consists of a mixture (1:2.5 ratio) of low
molecular weight (80–100 kDa) hyaluronic acid and low
molecular weight (10–20 kDa) chondroitin sulphate, dis-
persed in a bioadhesive carrier (poloxamer 407) to form
a macromolecular complex, coating the oesophageal
mucosa and acting as a mechanical barrier against the
noxious components of the refluxate. Transit time of liq-
uids through the oesophagus is very short (less than
16 s), even in a supine subject.16 A viscous liquid formu-
lation that adheres to and coat the mucosa will limit the
contact of refluxed acid and pepsin with the epithelial
surface17 and can act as a vehicle to deliver drugs for
local action within the oesophagus.18

The components of Esoxx are two well-known physio-
logic substances. Hyaluronic acid is a widespread, biolog-
ically active substance, which regulates cellular function
through interaction with specific receptors.19 It is a mul-
tifunctional, high molecular weight glycosaminoglycan,
component of the majority of extracellular matrices and
involved in several key physiologic processes, including
wound repair and regeneration, morphogenesis and
matrix organisation.20 The biological roles of hyaluronic
acid are in part dependent on its hydrophilic and hydro-
dynamic properties, which allow it to retain water and
play a structural role. Indeed, hydrogels (cross-linked
hydrophilic polymers) have been used as scaffolds to
allow tissue repair or regeneration at sites of injury,
being degraded by tissue enzymes after repair is com-
pleted.19 Low molecular weight hyaluronic acid is pro-
angiogenic, induces the formation of new blood vessels
and activates a signal transduction pathway leading to
endothelial cell proliferation and migration. In contrast,
native high molecular weight hyaluronic acid is anti-
angiogenic and will inhibit blood vessel formation.19

Topic hyaluronic acid formulations are employed to treat
recurrent aphthous ulceration of the oral mucosa21, 22

with fast symptom relief, to which the dose-dependent
anti-inflammatory activity of the compound23 may also
contribute.

Chondroitin sulphate is a natural glycosaminoglycan,
present in the extracellular matrix surrounding cells,
especially in the cartilage, skin, blood vessels, ligaments
and tendons, where it forms an essential component of
proteoglycans.24 Current evidence shows that chon-
droitin sulphate fulfils important biological functions in
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Хотя ИПН эффективно обеспечивают облегчение забо-
левания при эрозивной и неэрозивной рефлюксной болез-
ни, 50 их эффективность в облегчении отрыжки является 
слабой и значительно ниже, чем для изжоги.51 Кроме того, 
при НЭРБ чаще чем при эрозивной болезни наблюдается 
изжога, устойчивая к ИПН, хотя и не так часто, как предпо-
лагалось ранее.7 Приблизительно у 20% (от 15% до 27%) 
пациентов с правильной постановкой диагноза и соответ-
ствующим лечением терапия ИПН в стандартных дозах 
не эффективна.52 

Различные лежащие в основе механизмы способствуют 
неэффективности ИПН. К ним относятся механизмы, свя-
занные с пациентом (например, недостаточная привержен-
ность), врачом (например, неправильная постановка диа-
гноза) и лекарственным препаратом (например, короткий 
период действия).53,54 В настоящее время многие исследо-
вания сфокусированы на слабокислом рефлюксе55 и гипер-
чувствительности пищевода.56 Для изучения патофизиоло-
гии у пациентов, устойчивых к ИПН, все чаще используют 
pH-импедансометрию. Несколько групп исследователей 
показали, что слабокислый рефлюкс играет основную роль 
при устойчивой к ИПН эрозивной и неэрозивной болезни.57 
pH-импедансометрия также выявила ранее неизвестную 
подгруппу пациентов с нормальными результатами pH-импе-
дансометрии пищевода, но с наличием взаимосвязи между 
симптомами и эпизодами некислого рефлюкса, это пациен-
ты с гиперчувствительностью к некислому рефлюксу.57 Кро-
ме того данная методология позволила дифференцировать 
пациентов с НЭРБ и с функциональной изжогой.58 Таким 
образом, очевидно, что НЭРБ включает различные подгруп-
пы пациентов и является обобщающим термином. Среди 
них только у пациентов с истинной НЭРБ или пищеводом 
с гиперчувствительностью к кислоте (рефлюксная гипер-
чувствительность согласно Римским критериям IV59) можно 
ожидать удовлетворительного симптоматического ответа 
на подавление кислоты при помощи ИПН. Напротив, у участ-
ников с гиперчувствительностью к некислому рефлюксу 
или с функциональной изжогой (что вместе с рефлюксной 
гиперчувствительностью больше не относится к ГЭРБ) эф-
фект от антисекреторных препаратов отсутствует.60 

У пациентов с НЭРБ, устойчивых к правильно проводи-
мой терапии ИПН, недостаточное облегчение симптомов 
может быть связано с сохранением микроскопических 
изменений слизистой оболочки, вызванных слабокислым 
рефлюксом,61 пепсином или другими компонентами реф-
люксата62 при повреждении целостности слизистой обо-
лочки.63 Текущий фармакологический подход к данному 
клинически сложному состоянию является ограниченным. 
В настоящее время отсутствуют ингибиторы рефлюкса64 
и эффективные прокинетики,65 а эффективные у ряда па-
циентов антидепрессанты66 вызывают нежелательные яв-
ления у 32% пациентов.67 

Таким образом, правильный подход к лечению пациентов 
с НЭРБ включает точную диагностику с функциональной 
оценкой (например, оценка рН или рН-импедансометрия) 

после негативной эндоскопии. После этого расчетная ча-

стота полного симптоматического ответа после терапии 

ИПН сопоставима с пациентами с ГЭРБ.68 Предпочтитель-

но включить биопсию (и последующий гистологический 

анализ) «макроскопически нормальной» слизистой обо-

лочки во время эндоскопии.61, однако очевидно, что дан-

ный подход является времязатратным и дорогостоящим 

и не подходит для ежедневной клинической практики. 

Более простым альтернативным подходом является 

комбинированная терапия, т.е. добавление препаратов 

с другим механизмом действия к ИПН. До сегодняшнего 

дня только ирсогладин (препарат, защищающий слизистую 

оболочку)69 и альгинат-содержащие препараты,70,71 назна-

чаемые в качестве вспомогательной терапии, способство-

вали улучшению контроля симптомов у пациентов с НЭРБ. 

Добавление мозаприда (прокинетик) к ИПН не является 

эффективным72,73 за исключением пациентов с НЭРБ с от-

сроченным опорожнением желудка.74 

Защищающее слизистую оболочку медицинское изде-

лие Альфазокс позволило достичь значимого и быстро-

го облегчения симптомов у пациентов с НЭРБ в данном 

и предыдущем исследовании.37 Оно облегчает степень тя-

жести и частоту отрыжки, что представляет клинический 

интерес в связи со слабым эффектом ИПН в отношении 

данного кардинального симптома рефлюксной болезни.51,63 

Как было показано в небольшом исследовании,36 данный 

препарат также может быть эффективен у пациентов 

с эрозивной болезнью, у которых его защитные и восста-

новительные свойства способствуют заживлению очагов 

поражения слизистой оболочки пищевода. 

Синергический эффект Альфазокса и ИПН, продемон-

стрированный в данном исследовании, свидетельствует, 

что защита слизистой оболочки в сочетании с подавлени-

ем кислоты может облегчать симптомы НЭРБ и улучшать 

СЗКЖ у большего числа пациентов, снижая частоту слу-

чаев неэффективности терапии. ИПН обеспечивают облег-

чение заболевания, которое со временем увеличивается 

как при эрозивной, так и при неэрозивной болезни. Это 

было продемонстрировано в исследованиях по сравнению 

ИПН (эзомепразол) и калий-конкурентных блокаторов про-

тонного насоса (линапразан).75,76 Данный комбинирован-

ный подход позволил за 2 недели достичь того же уровня 

облегчения симптомов, что ИПН достиг за 4 недели. У па-

циентов, нуждающихся в быстром облегчении симптомов, 

данная временная терапевтическая польза может быть це-

лесообразной с их точки зрения. 

В данном исследовании присутствовали внутренние 

ограничения. Поскольку функциональное исследование 

(рН-импедансометрия) не проводилось, исследуемая по-

пуляция включала пациентов с функциональной изжогой 

и рефлюксной гиперчувствительностью. Кроме того, несмо-

тря на достаточную мощность для подтверждения значимо-

го эффекта, это было относительно небольшое исследо-

вание. Необходимо провести более крупное исследование 
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INTRODUCTION
Gastro-oesophageal reflux disease (GERD) is a highly
prevalent disorder in Western countries, as its predomi-
nant symptom, heartburn, can occur once a week in up
to 26% of the general population.1 Despite geographical
variations, the prevalence of GERD is increasing world-
wide.

Over the past decade, it has been realised that there
are two different phenotypes of the disease. Some
patients present oesophageal mucosal lesions (i.e. erosive
oesophagitis), but the majority (up to 70%) have a
macroscopically normal mucosa at endoscopy. Such
patients are usually considered to have non-erosive reflux
disease (NERD).2–4

Proton pump inhibitors (PPIs) represent the first
choice medical treatment for GERD,5 in that they are
able to provide an 80–85% healing rate for oesophageal
lesions, including ulcers, and also reduce the incidence
of complications. Pooled analyses6, 7 have shown that in
56–76% of cases, symptom relief can also be achieved,
even though this benefit seems to be reduced in patients
with NERD. According to a widely quoted systematic
review,7 compared to patients with erosive oesophagitis,
patients with NERD display a reduced symptom relief
with PPIs, with about 20% reduction of therapeutic gain.
A large AGA survey8 found that – despite PPI use –
over 55% of subjects with GERD symptoms in the gen-
eral population (where non-erosive and erosive diseases
are obviously mixed) report continued disruption of their
quality of life.

Recent investigations have shown that not only acidic,
but also non-acidic refluxes are able to induce the histo-
pathological alterations, which have been clearly docu-
mented by electron and light microscopy in the majority
of NERD patients.9–11 In particular, the dilation of inter-
cellular spaces between adjacent cells of the oesophageal
epithelium represents a feature that has become the hall-
mark of microscopic oesophagitis. This intercellular gap
leads to increased permeability that favours the penetra-
tion of hydrogen ions and other substances (including
pepsin and bile) into oesophageal sub-mucosa, thus
reaching nerve fibres, whose stimulation generates the
typical symptom heartburn. Several studies12 suggested a
synergistic action between acid and duodeno-gastric
reflux in inducing lesions. The important role of pepsin
in the pathogenesis of extra-oesophageal manifestations
of GERD is increasingly being appreciated.13

An ideal therapy for NERD patients should – in addi-
tion to acid secretion – address all the above-mentioned
pathophysiologic features, that is provide a barrier to

(and/or bind) the residual aggressive components of the
refluxate (i.e. weakly acidic content and pepsin) while
stimulating mucosal repair. To achieve these goals, a
class III medical device, Esoxx (Alfa Wassermann,
Bologna, Italy), was specifically designed and devel-
oped.14, 15 It consists of a mixture (1:2.5 ratio) of low
molecular weight (80–100 kDa) hyaluronic acid and low
molecular weight (10–20 kDa) chondroitin sulphate, dis-
persed in a bioadhesive carrier (poloxamer 407) to form
a macromolecular complex, coating the oesophageal
mucosa and acting as a mechanical barrier against the
noxious components of the refluxate. Transit time of liq-
uids through the oesophagus is very short (less than
16 s), even in a supine subject.16 A viscous liquid formu-
lation that adheres to and coat the mucosa will limit the
contact of refluxed acid and pepsin with the epithelial
surface17 and can act as a vehicle to deliver drugs for
local action within the oesophagus.18

The components of Esoxx are two well-known physio-
logic substances. Hyaluronic acid is a widespread, biolog-
ically active substance, which regulates cellular function
through interaction with specific receptors.19 It is a mul-
tifunctional, high molecular weight glycosaminoglycan,
component of the majority of extracellular matrices and
involved in several key physiologic processes, including
wound repair and regeneration, morphogenesis and
matrix organisation.20 The biological roles of hyaluronic
acid are in part dependent on its hydrophilic and hydro-
dynamic properties, which allow it to retain water and
play a structural role. Indeed, hydrogels (cross-linked
hydrophilic polymers) have been used as scaffolds to
allow tissue repair or regeneration at sites of injury,
being degraded by tissue enzymes after repair is com-
pleted.19 Low molecular weight hyaluronic acid is pro-
angiogenic, induces the formation of new blood vessels
and activates a signal transduction pathway leading to
endothelial cell proliferation and migration. In contrast,
native high molecular weight hyaluronic acid is anti-
angiogenic and will inhibit blood vessel formation.19

Topic hyaluronic acid formulations are employed to treat
recurrent aphthous ulceration of the oral mucosa21, 22

with fast symptom relief, to which the dose-dependent
anti-inflammatory activity of the compound23 may also
contribute.

Chondroitin sulphate is a natural glycosaminoglycan,
present in the extracellular matrix surrounding cells,
especially in the cartilage, skin, blood vessels, ligaments
and tendons, where it forms an essential component of
proteoglycans.24 Current evidence shows that chon-
droitin sulphate fulfils important biological functions in
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inflammation, cell proliferation, differentiation, migra-
tion, tissue morphogenesis, organogenesis, infection and
wound repair.25 These effects are related to the capacity
of chondroitin sulphate to interact with a wide variety of
molecules including (but not limited to) matrix mole-
cules, growth factors, protease inhibitors, cytokines,
chemokines and adhesion molecules via nonspecific/
specific saccharide domains within the chains.25 The
compound is endowed with immune-modulatory,26 anti-
inflammatory25, 26 and antioxidant27 properties. Along
with nonspecific interactions, chondroitin sulphate may
display specific binding to bioactive molecules, such as
pepsin. Peptic activity is indeed reduced both in vitro28

and in vivo29, 30, and treatment of peptic ulcer with
chondroitin sulphate has been attempted in the past.31

Poloxamer 407 (ethylene oxide and propylene oxide
blocks) is a hydrophilic non-ionic surfactant, which
shows thermo-reversible properties of the utmost interest
in optimising drug formulation (fluid state at room tem-
perature, facilitating administration and gel state above
sol–gel transition temperature at body temperature, pro-
moting prolonged release of pharmacological agents).32

Poloxamer 407 formulations lead to enhanced solubilisa-
tion of poorly water-soluble drugs and prolonged release
profile for many galenic applications.33 The poloxamer
407 adhesive properties are used to lengthen residence
time of agents in the gastrointestinal tract. Good adhe-
sion in the oesophagus with efficient diffusion of the
drug into the mucosa was observed in the mouse, by
means of an optical fibre spectrofluorimetric method.32

According to European Council Directive 93/42/
EEC,34 the National Health Institute in Rome classified
this bioadhesive formulation as class III medical device,
intended for use in human beings for the purpose of
treatment or alleviation of disease. Typically, the medical
device function is achieved by physical means (including
mechanical action, physical barrier, replacement of or
support to organs or body functions).

An ex vivo experimental study on a swine model
showed that perfusion of the oesophageal lumen with this
medical device is able to prevent the increase in mucosal
permeability induced by acid and/or pepsin.35 With these
data at hand, two double-blind, placebo-controlled stud-
ies demonstrated that short-term Esoxx treatment
achieves a significant and quick symptom relief both in
patients with erosive36 or non-erosive reflux disease.37

In this prospective, double-blind, placebo-controlled
trial the efficacy and safety of Esoxx, combined to acid
suppression, vs. acid suppression alone, was evaluated in
patients with NERD, diagnosed merely as endoscopy-

negative reflux disease. This was selected to mirror the
clinical practice, outside the referral centres, where
advanced investigations are not available.

PATIENTS AND METHODS
Non-erosive reflux disease patients with typical reflux
symptoms were enrolled in the study. They were of both
sexes, and age ranged from 18 to 75 years. Two of the
following symptoms, for example heartburn, acid regur-
gitation, retrosternal pain and acid taste in the mouth,
should have been present from at least 3 months and at
least three times per week in the month preceding the
study screening visit. The diagnosis of NERD was based
on the absence of macroscopic lesions of distal oesopha-
geal mucosa at endoscopy,3, 4 performed within
6 months from the screening visit, and by the positivity
of a validated questionnaire (Reflux Disease Question-
naire, RDQ),38 that is an RDQ score ≥8.39 In accordance
with the NICE Guidelines40 and to avoid interference
with the rapid urease test,41 routinely performed during
endoscopy, patients were free from anti-secretory medi-
cation (either a PPI or an H2RA) for at least 2 weeks.

Exclusion criteria were the presence of erosive
oesophagitis or Barrett’s oesophagus, gastric or duodenal
ulcer, previous gastric or major GI surgery, atopy or
food intolerance, thyroid diseases, diabetes or metabolic
syndrome. Moreover, pregnant, lactating or fertile
women (without contraception) were also excluded.

Study design
The study was multicenter, randomised, double-blind,
placebo-controlled with parallel groups. Sixteen Italian
hospitals were involved, and each of them obtained the
approval of the respective ethical committee.

The trial was performed according to the International
Conference on Harmonization of Technical Require-
ments for Registration of Pharmaceuticals for Human
Use (ICH), guidelines for Good Clinical Practice
(GCP)42 and the Declaration of Helsinki (1996 version,
amended October 2000).43

Patients eligible for the study gave informed and written
consent and were asked to start a 15-day (�2 days) run
in/wash out period, during which any (prescription or
OTC) therapy was discontinued (visit 1). The only medi-
cations permitted were antacids or alginate-containing for-
mulations in case of symptom occurrence. At visit 2,
patients were randomised – according to a computer-gen-
erated sequence – to receive one standard dose of a PPI
(30 min before breakfast) + 10 mL (1 stick) of Esoxx One
(single dose stick formulation) or placebo (with the same
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у пациентов с ИПН-устойчивой НЭРБ, а также исследова-
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Несмотря на то, что недавние исследования установи-
ли места и механизмы защиты слизистой оболочки пище-
вода, они редко используются в клинической практике. 
Лекарственные препараты, способные усилить защиту 
слизистой оболочки, существуют, но не были изучены 
в рамках клинических исследований с хорошим дизай-
ном.63 Маловероятно, что данные препараты являются 
реальной альтернативой ИПН в связи с их высокой эф-
фективностью при рефлюксной болезни. Однако их ис-
пользование при менее тяжелом заболевании или в каче-
стве вспомогательной терапии в комбинации с ИПН может 
быть эффективным. Кроме того при длительном примене-
ние данные соединения, защищающие слизистую оболоч-
ку, могут удлинять ремиссию и время до рецидива.

ДОПОЛНИТЕЛЬНАЯ ИНФОРМАЦИЯ
Дополнительная информация представлена в он-

лайн-версии данной статьи: 
Таблица S1. Дизайн исследования и график оценки. 
Таблица S2. Влияние Альфазокса в комбинации с ИПН 

на первичные и вторичные точки у пациентов с НЭРБ: ана-
лиз популяции РР.

АВТОРСТВО
Поручитель статьи: C. Scarpignato. 
Авторский вклад: В соответствии с Международным 

комитетом редакторов медицинских журналов (JCMJE) 
Carmelo Scarpignato и Vincenzo имели полный доступ 

ко всем данным исследования и берут на себя полную от-

ветственность за целостность данных. Carmelo Scarpignato, 

Vincenzo Savarino разработали концепцию и дизайн ис-

следования и подготовили рукопись; Carmelo Scarpignato, 

Vincenzo Savarino и Fabio Pace провели анализ и интерпре-

тацию данных, а также критическую проверку рукописи 

на предмет важного интеллектуального содержимого; LB 

Research (Claudio Iannacone) и Carmelo Scarpignato прове-

ли статистический анализ; Carmelo Scarpignato получил 

финансирование; компания LB Research (Sara Bellasio) пре-

доставила административную, техническую или матери-

альную поддержку; Antonella Ferrieri осуществляла надзор 

за исследованием. Все авторы одобрили финальную вер-

сию рукописи.

ЗАЯВЛЕНИЯ
Компания не участвовала в проведении исследования 

или интерпретации данных. Финансовая поддержка подра-

зумевала свободу авторов в выводах и полное право на пу-

бликацию результатов работы вне зависимости от сделан-

ных выводов. Заявление о личной заинтересованности: 

Vincenzo Savarino является членом лектория Alfasigma 

S.p.A., производителя Альфазокс. Fabio Pace не имеет кон-

фликта интересов. Carmelo Scarpignato является членом 

лектория и экспертного совета Alfa Wassermann. Заявле-

ние о финансировании: Данное исследование финансиро-

вала компания Alfasigma S.p.A., (Болонья, Италия), включая 

привлечение контрактной исследовательской организации 

LB Research SRL (Cantu, Como, Италия) для осуществления 

логистических аспектов исследования. 

СПИСОК ЛИТЕРАТУРЫ
1. El-Serag HB, Sweet S, Winchester 

CC, Dent J. Update on the epidemi-
ology of gastro-oesophageal reflux 
disease: a systematic review. Gut 
2014; 63: 871–80. 

2. Fass R, Ofman JJ. Gastroesophageal 
reflux disease – should we adopt a 
new conceptual framework? Am J 
Gastroenterol 2002; 97: 1901–9. 

3. Vakil N, van Zanten SV, Kahrilas P, 
Dent J, Jones R, Global Consensus G. 
The Montreal definition and classi-
fication of gastroesophageal reflux 
disease: a global evidence-based 
consensus. Am J Gastroenterol 2006; 
101: 1900–20; quiz 1943. 

4. Modlin IM, Hunt RH, Malfertheiner P, 
et al. Diagnosis and management of 
non-erosive reflux disease – the vevey 
NERD consensus group. Digestion 

2009; 80: 74 –88. 

5. Savarino V, Di Mario F, Scarpignato C. 
Proton pump inhibitors in GORD: an 
overview of their pharmacology, effica-
cy and safety. Pharmacol Res 2009; 
59: 135–53. 

6. Tack J, Fass R. Review article: 
approaches to endoscopic-negative 
reflux disease – part of the GERD 
spectrum or a unique acid-related dis-
order? Aliment Pharmacol Ther 2004; 
19(Suppl. 1): 28–34. 

7. Katz PO, Scheiman JM, Barkun AN. 
Review article: acid-related disease 
– what are the unmet clinical needs? 
Aliment Pharmacol Ther 2006; 23 
(Suppl. 2): 9–22. 

8. Gupta N, Inadomi JM, Sharma P. 
Perception about gastroesophageal 
reflux disease (GERD) and its impact 
on daily life in the general population: 

results from a large population based 
AGA survey. Gastroenterology 2012; 
142: S411. 

9. Caviglia R, Ribolsi M, Maggiano N, 
et al. Dilated intercellular spaces of 
esophageal epithelium in nonerosive 
reflux disease patients with physiolog-
ical esophageal acid exposure. Am J 
Gastroenterol 2005; 100: 543–8. 

10. Zentilin P, Savarino V, Mastracci L, et 
al. Reassessment of the diagnostic 
value of histology in patients with 
GERD, using multiple biopsy sites and 
an appropriate control group. Am J 
Gastroenterol 2005; 100: 2299–306. 

11. Savarino E, Zentilin P, Mastracci L, et al. 
Microscopic esophagitis distinguishes 
patients with non-erosive reflux disease 
from those with functional heartburn. J 
Gastroenterol 2013; 48: 473–82.

12. Tack J. Review article: role of pepsin 



10

INTRODUCTION
Gastro-oesophageal reflux disease (GERD) is a highly
prevalent disorder in Western countries, as its predomi-
nant symptom, heartburn, can occur once a week in up
to 26% of the general population.1 Despite geographical
variations, the prevalence of GERD is increasing world-
wide.

Over the past decade, it has been realised that there
are two different phenotypes of the disease. Some
patients present oesophageal mucosal lesions (i.e. erosive
oesophagitis), but the majority (up to 70%) have a
macroscopically normal mucosa at endoscopy. Such
patients are usually considered to have non-erosive reflux
disease (NERD).2–4

Proton pump inhibitors (PPIs) represent the first
choice medical treatment for GERD,5 in that they are
able to provide an 80–85% healing rate for oesophageal
lesions, including ulcers, and also reduce the incidence
of complications. Pooled analyses6, 7 have shown that in
56–76% of cases, symptom relief can also be achieved,
even though this benefit seems to be reduced in patients
with NERD. According to a widely quoted systematic
review,7 compared to patients with erosive oesophagitis,
patients with NERD display a reduced symptom relief
with PPIs, with about 20% reduction of therapeutic gain.
A large AGA survey8 found that – despite PPI use –
over 55% of subjects with GERD symptoms in the gen-
eral population (where non-erosive and erosive diseases
are obviously mixed) report continued disruption of their
quality of life.

Recent investigations have shown that not only acidic,
but also non-acidic refluxes are able to induce the histo-
pathological alterations, which have been clearly docu-
mented by electron and light microscopy in the majority
of NERD patients.9–11 In particular, the dilation of inter-
cellular spaces between adjacent cells of the oesophageal
epithelium represents a feature that has become the hall-
mark of microscopic oesophagitis. This intercellular gap
leads to increased permeability that favours the penetra-
tion of hydrogen ions and other substances (including
pepsin and bile) into oesophageal sub-mucosa, thus
reaching nerve fibres, whose stimulation generates the
typical symptom heartburn. Several studies12 suggested a
synergistic action between acid and duodeno-gastric
reflux in inducing lesions. The important role of pepsin
in the pathogenesis of extra-oesophageal manifestations
of GERD is increasingly being appreciated.13

An ideal therapy for NERD patients should – in addi-
tion to acid secretion – address all the above-mentioned
pathophysiologic features, that is provide a barrier to

(and/or bind) the residual aggressive components of the
refluxate (i.e. weakly acidic content and pepsin) while
stimulating mucosal repair. To achieve these goals, a
class III medical device, Esoxx (Alfa Wassermann,
Bologna, Italy), was specifically designed and devel-
oped.14, 15 It consists of a mixture (1:2.5 ratio) of low
molecular weight (80–100 kDa) hyaluronic acid and low
molecular weight (10–20 kDa) chondroitin sulphate, dis-
persed in a bioadhesive carrier (poloxamer 407) to form
a macromolecular complex, coating the oesophageal
mucosa and acting as a mechanical barrier against the
noxious components of the refluxate. Transit time of liq-
uids through the oesophagus is very short (less than
16 s), even in a supine subject.16 A viscous liquid formu-
lation that adheres to and coat the mucosa will limit the
contact of refluxed acid and pepsin with the epithelial
surface17 and can act as a vehicle to deliver drugs for
local action within the oesophagus.18

The components of Esoxx are two well-known physio-
logic substances. Hyaluronic acid is a widespread, biolog-
ically active substance, which regulates cellular function
through interaction with specific receptors.19 It is a mul-
tifunctional, high molecular weight glycosaminoglycan,
component of the majority of extracellular matrices and
involved in several key physiologic processes, including
wound repair and regeneration, morphogenesis and
matrix organisation.20 The biological roles of hyaluronic
acid are in part dependent on its hydrophilic and hydro-
dynamic properties, which allow it to retain water and
play a structural role. Indeed, hydrogels (cross-linked
hydrophilic polymers) have been used as scaffolds to
allow tissue repair or regeneration at sites of injury,
being degraded by tissue enzymes after repair is com-
pleted.19 Low molecular weight hyaluronic acid is pro-
angiogenic, induces the formation of new blood vessels
and activates a signal transduction pathway leading to
endothelial cell proliferation and migration. In contrast,
native high molecular weight hyaluronic acid is anti-
angiogenic and will inhibit blood vessel formation.19

Topic hyaluronic acid formulations are employed to treat
recurrent aphthous ulceration of the oral mucosa21, 22

with fast symptom relief, to which the dose-dependent
anti-inflammatory activity of the compound23 may also
contribute.

Chondroitin sulphate is a natural glycosaminoglycan,
present in the extracellular matrix surrounding cells,
especially in the cartilage, skin, blood vessels, ligaments
and tendons, where it forms an essential component of
proteoglycans.24 Current evidence shows that chon-
droitin sulphate fulfils important biological functions in
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INTRODUCTION
Gastro-oesophageal reflux disease (GERD) is a highly
prevalent disorder in Western countries, as its predomi-
nant symptom, heartburn, can occur once a week in up
to 26% of the general population.1 Despite geographical
variations, the prevalence of GERD is increasing world-
wide.

Over the past decade, it has been realised that there
are two different phenotypes of the disease. Some
patients present oesophageal mucosal lesions (i.e. erosive
oesophagitis), but the majority (up to 70%) have a
macroscopically normal mucosa at endoscopy. Such
patients are usually considered to have non-erosive reflux
disease (NERD).2–4

Proton pump inhibitors (PPIs) represent the first
choice medical treatment for GERD,5 in that they are
able to provide an 80–85% healing rate for oesophageal
lesions, including ulcers, and also reduce the incidence
of complications. Pooled analyses6, 7 have shown that in
56–76% of cases, symptom relief can also be achieved,
even though this benefit seems to be reduced in patients
with NERD. According to a widely quoted systematic
review,7 compared to patients with erosive oesophagitis,
patients with NERD display a reduced symptom relief
with PPIs, with about 20% reduction of therapeutic gain.
A large AGA survey8 found that – despite PPI use –
over 55% of subjects with GERD symptoms in the gen-
eral population (where non-erosive and erosive diseases
are obviously mixed) report continued disruption of their
quality of life.

Recent investigations have shown that not only acidic,
but also non-acidic refluxes are able to induce the histo-
pathological alterations, which have been clearly docu-
mented by electron and light microscopy in the majority
of NERD patients.9–11 In particular, the dilation of inter-
cellular spaces between adjacent cells of the oesophageal
epithelium represents a feature that has become the hall-
mark of microscopic oesophagitis. This intercellular gap
leads to increased permeability that favours the penetra-
tion of hydrogen ions and other substances (including
pepsin and bile) into oesophageal sub-mucosa, thus
reaching nerve fibres, whose stimulation generates the
typical symptom heartburn. Several studies12 suggested a
synergistic action between acid and duodeno-gastric
reflux in inducing lesions. The important role of pepsin
in the pathogenesis of extra-oesophageal manifestations
of GERD is increasingly being appreciated.13

An ideal therapy for NERD patients should – in addi-
tion to acid secretion – address all the above-mentioned
pathophysiologic features, that is provide a barrier to

(and/or bind) the residual aggressive components of the
refluxate (i.e. weakly acidic content and pepsin) while
stimulating mucosal repair. To achieve these goals, a
class III medical device, Esoxx (Alfa Wassermann,
Bologna, Italy), was specifically designed and devel-
oped.14, 15 It consists of a mixture (1:2.5 ratio) of low
molecular weight (80–100 kDa) hyaluronic acid and low
molecular weight (10–20 kDa) chondroitin sulphate, dis-
persed in a bioadhesive carrier (poloxamer 407) to form
a macromolecular complex, coating the oesophageal
mucosa and acting as a mechanical barrier against the
noxious components of the refluxate. Transit time of liq-
uids through the oesophagus is very short (less than
16 s), even in a supine subject.16 A viscous liquid formu-
lation that adheres to and coat the mucosa will limit the
contact of refluxed acid and pepsin with the epithelial
surface17 and can act as a vehicle to deliver drugs for
local action within the oesophagus.18

The components of Esoxx are two well-known physio-
logic substances. Hyaluronic acid is a widespread, biolog-
ically active substance, which regulates cellular function
through interaction with specific receptors.19 It is a mul-
tifunctional, high molecular weight glycosaminoglycan,
component of the majority of extracellular matrices and
involved in several key physiologic processes, including
wound repair and regeneration, morphogenesis and
matrix organisation.20 The biological roles of hyaluronic
acid are in part dependent on its hydrophilic and hydro-
dynamic properties, which allow it to retain water and
play a structural role. Indeed, hydrogels (cross-linked
hydrophilic polymers) have been used as scaffolds to
allow tissue repair or regeneration at sites of injury,
being degraded by tissue enzymes after repair is com-
pleted.19 Low molecular weight hyaluronic acid is pro-
angiogenic, induces the formation of new blood vessels
and activates a signal transduction pathway leading to
endothelial cell proliferation and migration. In contrast,
native high molecular weight hyaluronic acid is anti-
angiogenic and will inhibit blood vessel formation.19

Topic hyaluronic acid formulations are employed to treat
recurrent aphthous ulceration of the oral mucosa21, 22

with fast symptom relief, to which the dose-dependent
anti-inflammatory activity of the compound23 may also
contribute.

Chondroitin sulphate is a natural glycosaminoglycan,
present in the extracellular matrix surrounding cells,
especially in the cartilage, skin, blood vessels, ligaments
and tendons, where it forms an essential component of
proteoglycans.24 Current evidence shows that chon-
droitin sulphate fulfils important biological functions in
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inflammation, cell proliferation, differentiation, migra-
tion, tissue morphogenesis, organogenesis, infection and
wound repair.25 These effects are related to the capacity
of chondroitin sulphate to interact with a wide variety of
molecules including (but not limited to) matrix mole-
cules, growth factors, protease inhibitors, cytokines,
chemokines and adhesion molecules via nonspecific/
specific saccharide domains within the chains.25 The
compound is endowed with immune-modulatory,26 anti-
inflammatory25, 26 and antioxidant27 properties. Along
with nonspecific interactions, chondroitin sulphate may
display specific binding to bioactive molecules, such as
pepsin. Peptic activity is indeed reduced both in vitro28

and in vivo29, 30, and treatment of peptic ulcer with
chondroitin sulphate has been attempted in the past.31

Poloxamer 407 (ethylene oxide and propylene oxide
blocks) is a hydrophilic non-ionic surfactant, which
shows thermo-reversible properties of the utmost interest
in optimising drug formulation (fluid state at room tem-
perature, facilitating administration and gel state above
sol–gel transition temperature at body temperature, pro-
moting prolonged release of pharmacological agents).32

Poloxamer 407 formulations lead to enhanced solubilisa-
tion of poorly water-soluble drugs and prolonged release
profile for many galenic applications.33 The poloxamer
407 adhesive properties are used to lengthen residence
time of agents in the gastrointestinal tract. Good adhe-
sion in the oesophagus with efficient diffusion of the
drug into the mucosa was observed in the mouse, by
means of an optical fibre spectrofluorimetric method.32

According to European Council Directive 93/42/
EEC,34 the National Health Institute in Rome classified
this bioadhesive formulation as class III medical device,
intended for use in human beings for the purpose of
treatment or alleviation of disease. Typically, the medical
device function is achieved by physical means (including
mechanical action, physical barrier, replacement of or
support to organs or body functions).

An ex vivo experimental study on a swine model
showed that perfusion of the oesophageal lumen with this
medical device is able to prevent the increase in mucosal
permeability induced by acid and/or pepsin.35 With these
data at hand, two double-blind, placebo-controlled stud-
ies demonstrated that short-term Esoxx treatment
achieves a significant and quick symptom relief both in
patients with erosive36 or non-erosive reflux disease.37

In this prospective, double-blind, placebo-controlled
trial the efficacy and safety of Esoxx, combined to acid
suppression, vs. acid suppression alone, was evaluated in
patients with NERD, diagnosed merely as endoscopy-

negative reflux disease. This was selected to mirror the
clinical practice, outside the referral centres, where
advanced investigations are not available.

PATIENTS AND METHODS
Non-erosive reflux disease patients with typical reflux
symptoms were enrolled in the study. They were of both
sexes, and age ranged from 18 to 75 years. Two of the
following symptoms, for example heartburn, acid regur-
gitation, retrosternal pain and acid taste in the mouth,
should have been present from at least 3 months and at
least three times per week in the month preceding the
study screening visit. The diagnosis of NERD was based
on the absence of macroscopic lesions of distal oesopha-
geal mucosa at endoscopy,3, 4 performed within
6 months from the screening visit, and by the positivity
of a validated questionnaire (Reflux Disease Question-
naire, RDQ),38 that is an RDQ score ≥8.39 In accordance
with the NICE Guidelines40 and to avoid interference
with the rapid urease test,41 routinely performed during
endoscopy, patients were free from anti-secretory medi-
cation (either a PPI or an H2RA) for at least 2 weeks.

Exclusion criteria were the presence of erosive
oesophagitis or Barrett’s oesophagus, gastric or duodenal
ulcer, previous gastric or major GI surgery, atopy or
food intolerance, thyroid diseases, diabetes or metabolic
syndrome. Moreover, pregnant, lactating or fertile
women (without contraception) were also excluded.

Study design
The study was multicenter, randomised, double-blind,
placebo-controlled with parallel groups. Sixteen Italian
hospitals were involved, and each of them obtained the
approval of the respective ethical committee.

The trial was performed according to the International
Conference on Harmonization of Technical Require-
ments for Registration of Pharmaceuticals for Human
Use (ICH), guidelines for Good Clinical Practice
(GCP)42 and the Declaration of Helsinki (1996 version,
amended October 2000).43

Patients eligible for the study gave informed and written
consent and were asked to start a 15-day (�2 days) run
in/wash out period, during which any (prescription or
OTC) therapy was discontinued (visit 1). The only medi-
cations permitted were antacids or alginate-containing for-
mulations in case of symptom occurrence. At visit 2,
patients were randomised – according to a computer-gen-
erated sequence – to receive one standard dose of a PPI
(30 min before breakfast) + 10 mL (1 stick) of Esoxx One
(single dose stick formulation) or placebo (with the same
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