
 
 

 

SOME NEW CLINICAL AND EXPERIMENTAL ASPECTS 

OF THE ETIOLOGY AND TREATMENT  

OF ESOPHAGEAL DISEASES 

 

Ph.D. thesis 

by 

Laura BOGNÁR M.D. 

 

 

 

Supervisors: 

Prof. emer. Örs Péter HORVÁTH M.D., Ph.D., D.Sc. 

András PAPP M.D., Ph.D. 

 

University of Pécs 

Department of Surgical Research and Techniques  

Department of Surgery 

2020 



 
 

  CONTENTS 

ABBREVIATIONS  ...........................................................................................................  4 

INTRODUCTION  ...........................................................................................................  5 

AIMS  ..............................................................................................................................  7 

CHAPTER 1 

ESOPHAGEAL COMPLICATIONS OF GASTROESOPHAGEAL REFLUX DISEASE:  

CONSEQUENCES OR DEFENSIVE REACTIONS?  ............................................................  9 

1.1 INTRODUCTION  .................................................................................................  9 

1.1.1 Epidemiology of gastroesophageal reflux disease  ...................................  9 

1.1.2 Pathophysiology and symptoms of gastroesophageal reflux disease  .....  9 

1.1.3 Complications of gastroesophageal reflux disease  ..................................  10 

1.1.4 Treatment of GERD  .................................................................................  12 

1.2 OBSERVATIONS AND THEORIES  ........................................................................  14 

1.2.1 Hypertensive lower esophageal sphincter  ...............................................  14 

1.2.2 Achalasia  .....................................................................................................  15 

1.2.3 Diffuse esophageal spasm  .........................................................................  18 

1.2.4 Hypertensive upper esophageal sphincter  ...............................................  19 

1.2.5 Zenker’s diverticulum  ...............................................................................  20 

1.2.6 Schatzki’s ring  ............................................................................................  22 

1.2.7 Esophageal web  ..........................................................................................  24 

1.2.8. Barrett’s esophagus  ...................................................................................  25 

1.2.9 Esophageal stricture  ..................................................................................  26 

1.2.10 Subglottic tracheal stenosis  .....................................................................  27 

1.3 CONCLUSION  ....................................................................................................  29 

  



 
 

CHAPTER 2 

FUNCTIONAL EXAMINATION OF THE TRANSPOSED PYLORIC SPHINCTER IN ANTIREFLUX 

PORCINE MODELS: COULD IT BE SUITABLE TO CREATE A CONTINENT ILEOSTOMY?  31 

2.1 INTRODUCTION  .................................................................................................  31 

2.2 METHODS  ...........................................................................................................  32 

2.2.1 Antireflux model  ........................................................................................  32 

2.2.2 Continent ileostomy model  ......................................................................  34 

2.3 RESULTS  ..............................................................................................................  35 

2.4 DISCUSSION  .......................................................................................................  38 

CHAPTER 3 

PROGNOSTIC ROLE OF HPV INFECTION  

IN ESOPHAGEAL SQUAMOUS CELL CARCINOMA  ........................................................  42 

3.1 INTRODUCTION  .................................................................................................  42 

3.2 PATIENTS AND METHODS  ..................................................................................  43 

3.2.1 Patients  .......................................................................................................  43 

3.2.2 HPV detection  ...........................................................................................  44 

3.2.3 Immunohistochemical staining for Hsp 90, 27 and 16.2  

and GHRH-R  ............................................................................................  45 

3.2.4 Statistical analysis  ......................................................................................  46 

3.3 RESULTS  ..............................................................................................................  46 

3.3.1 Clinical and patient data  ............................................................................  46 

3.3.2 Effects of HPV status on response to therapy and prognosis  ...............  47 

3.3.3 Relationship between HPV status and expressions 

of Hsp 16.2, 27, 90 and GHRH-R  ...........................................................  48 

3.3.4 The effects of Hsp expression on response to therapy ...........................  49 

3.4 DISCUSSION  .......................................................................................................  51 

BIBLIOGRAPHY  .............................................................................................................  55 

NOVEL FINDINGS  .........................................................................................................  69 

LIST OF PUBLICATIONS AND PRESENTATIONS  ............................................................  72 

ACKNOWLEDGEMENT  ..................................................................................................  75 



ABBREVIATIONS 4 

ABBREVIATIONS 

ACIP Advisory Committee on Immunization Practices 

CISH Chromogenic In Situ Hybridization 

CRT Chemoradiotherapy 

CT Computer Tomography 

DES Diffuse/Distal Esophageal Spasm 

ESCC Esophageal Squamous Cell Carcinoma 

GEA Gastroepiploic Artery 

GERD Gastroesophageal Reflux Disease 

GHRH Growth Hormone-Releasing Hormone 

GHRH-R Growth Hormone-Releasing Hormone Receptor 

IGF-I Insuline-like Growth Factor I 

HLES Hypertensive Lower Esophageal Sphincter 

HPV Human Papillomavirus 

Hsp Heat Shock Protein 

HUES Hypertensive Upper Esophageal Sphincter 

iSTS idiopathic Subglottic Tracheal Stenosis 

LES Lower Esophageal Sphincter 

LTS Laryngotracheal Stenosis 

PPI Proton Pump Inhibitor 

RECIST Response Evaluation Criteria in Solid Tumors 

SCE Specialized Columnar Epithelium 

SqE Squamous Epithelium 

SR Schatzki’s ring 

STS Subglottic Tracheal Stenosis 

UES Upper Esophageal Sphincter 
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INTRODUCTION 

The esophagus is one of the most inscrutable organs of the gastrointestinal tract, here-

by it challenges all physicians who specialize on it, including gastroenterologists, surgeons 

and also primary care physicians. Sometimes patients complain of severe dysphagia or 

odynophagia without any demonstrable organic background. Another time, overlapping 

esophageal symptoms, such as heartburn or retrosternal pain, deceive even experienced 

clinicians and lead to erroneous diagnosis and treatment.  

The complexity of the esophagus manifests itself on the colorful spectrum of compli-

cations that develop on the ground of gastroesophageal reflux disease (GERD). It is al-

ready unexplainable why chronic acid regurgitation provokes reflux esophagitis in some 

patients, while in others no endoscopic or histologic sign of inflammation can be detec-

ted, yet patients have severe complains. Development of diverse functional and structural 

esophageal disorders have been described in association with gastroesophageal reflux dise-

ase, but to date, it is unclear whether these secondary pathologies are simple consequen-

ces of GERD or is it possible that some of them are defensive reactions? Is there an expe-

diency in their development or is it mere coincidence? Do the presumed adaptive esopha-

geal changes influence the therapeutic strategy? Gastroesophageal reflux disease has be-

come an endemic malady worldwide in the past decades. Understanding the long-term 

impacts of acid regurgitation on the esophagus would be imperative in order to better 

comprehend the behavior of this organ and to improve our knowledge about the possible 

complications of GERD. 

Laparoscopic fundoplication is the standard surgery for gastroesophageal reflux dise-

ase. In the short term, fundoplication is considered to be an effective procedure, more 

than 90% of the patients are satisfied with their symptom control over a period of 1–2 

years. However, efficacy wanes with time and post-fundoplication complications may 

occur, such as migration or herniation of the fundic wrap. These failures aspired us to 

search for an alternative, possibly more efficient antireflux procedure. With this purpose 

we set up an innovative surgical antireflux technique, which we carried out on a series of 

animal models. 
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Similarly to gastroesophageal reflux disease, lots of questions encircle the develop-

ment, prognosis and adequate treatment of esophageal cancer. Esophageal cancer is one of 

the deadliest cancers worldwide due to its extremely aggressive nature and poor progno-

sis. The incidence of esophageal adenocarcinoma has increased in many western countries, 

however, esophageal squamous cell carcinoma (ESCC) remains the dominant histological 

type of esophageal cancer globally. Despite the rapid progress in cancer research, there are 

still debates concerning the etiology of ESCC. Epidemiological studies suggest that to-

bacco smoking, heavy alcohol drinking, low socioeconomic status, micronutrient defi-

ciency and dietary carcinogen exposure are the most significant risk factors in the deve-

lopment of the disease. However, the rate of ESCC patients without such history is inc-

reasing, which brings up the idea that other environmental factors may be involved in the 

carcinogenesis. It is also so far unanswered why patients with locally advanced esophageal 

cancer respond differently to neoadjuvant therapy. Why do upper third esophageal can-

cers have superior sensitivity to multimodal treatment than lower third cancers? The 

proximity of the oropharynx and changed sexual habits raise thoughts that human papil-

lomavirus (HPV) infection may play a role in the development of esophageal cancers, 

similarly as it does in cervical and oropharyngeal cancers. International reports on HPV as 

a possible etiological factor for esophageal carcinoma are limited and inconsistent, and so 

is the possible impact of viral infection on the response to the oncological treatment. In 

order to improve prognosis it would be imperative to find prognostic markers that could 

distinguish between patients who respond to the oncological treatment and those who 

don’t, consequently saving the non-responder group from unnecessary overtreatment 

with cytostatics. We searched for answers for these pending problems through retrospec-

tive analysis of pre-treatment tumor biopsies of esophageal cancer patients. 

During the past quarter century, in the Department of Surgery, University of Pécs, we 

consulted and operated on nearly two thousand patients with various esophageal disor-

ders. The hypotheses, observations and conclusions of this thesis are based on the experi-

ences gained from the management of these patients. 
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AIMS 

ESOPHAGEAL COMPLICATIONS OF GASTROESOPHAGEAL REFLUX DISEASE: 

CONSEQUENCES OR DEFENSIVE REACTIONS? 

1 We aimed to elucidate our hypothesis whether gastroesophageal reflux disease 

might induce certain – supposedly adaptive – changes in the esophagus. 

2 We aimed to deduce whether the presumed adaptive esophageal changes influence 

therapeutic strategy. 

FUNCTIONAL EXAMINATION OF THE TRANSPOSED PYLORIC SPHINCTER IN 

 ANTIREFLUX PORCINE MODELS: COULD IT BE SUITABLE TO CREATE A 

 CONTINENT ILEOSTOMY? 

3 We aimed to ascertain if transposition of a pedicled pyloric sphincter around an im-

paired gastroesophageal junction is technically feasible and if it is a safe and accep-

table antireflux procedure. 

4 We aimed to assess if the transposed pyloric sphincter preserves its pharmacological 

responsiveness in the new, ectopic position.  

5 We also aimed to assess a different use of the pedicled pyloric sphincter, namely if it 

is applicable to complete a 3-limb S-pouch and create a continent ileostomy. 

PROGNOSTIC ROLE OF HPV INFECTION  

IN ESOPHAGEAL SQUAMOUS CELL CARCINOMA 

6 We aimed to determine the rate of HPV infection in Hungarian patients with locally 

advanced esophageal squamous cell carcinoma. 

7 We aimed to determine the distribution of HPV positivity in the upper, middle and 

lower thirds of esophageal squamous cell cancer tumor samples. 

8 We aimed to compare the response to oncological therapy and also the mean survi-

val of the HPV positive and the HPV negative ESCC patients. 



AIMS 8 

9 We aimed to investigate the correlation between the HPV status and expression 

pattern of heat shock proteins 90, 27, 16. 2, GHRH-R; and also between expression 

pattern of heat shock proteins 90, 27, 16. 2, GHRH-R and response to oncological 

therapy in pre-treatment tumor biopsies of ESCC patients. 
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CHAPTER 1 

ESOPHAGEAL COMPLICATIONS OF GASTROESOPHAGEAL REFLUX 

DISEASE: CONSEQUENCES OR DEFENSIVE REACTIONS? 

1.1 INTRODUCTION 

1.1.1 Epidemiology of gastroesophageal reflux disease 

Gastroesophageal reflux disease affects approximately 10–20% of the Western popula-

tion [1], and its prevalence is increasing worldwide due to lifestyle changes, obesity epi-

demic and population aging. The disease appears to show global variation in its preva-

lence. For instance, GERD occurs more frequently in the Northern European than in the 

Southern European population. In Asia the prevalence is reported to be less than 5%, 

whereas in the United States, more than 40% of the population reports, at least sporadi-

cally, symptoms of GERD, hereby GERD being the most common gastrointestinal dis-

order in the US [2, 3]. Despite the presence of large number of individuals with abnormal 

gastroesophageal reflux in the general population, primary care physicians, who provide 

most of their care, continue to have difficulties in recognising the wide range of complica-

tions faced by patients with GERD. Besides, this high prevalence has an impact not only 

on the quality of life, but also on the economy. The burden of GERD in the USA may 

reach 9–10 billion dollars a year in direct costs, plus uncountable dollars in indirect costs 

due to decrease in productivity and days off work [4]. 

1.1.2 Pathophysiology and symptoms of gastroesophageal reflux disease 

The pathophysiology of GERD is complex and multifactorial. The disease is on the 

one hand linked to a misbalance between the protective barriers of the esophageal mucosa 

and the aggressive chemical substances of gastric refluxate, on the other hand between the 

valvular mechanism of the gastroesophageal junction and the transdiaphragmatic pressure 

gradient [5]. The antireflux barriers include two “sphincter” mechanisms: the lower 

esophageal sphincter and the crural diaphragm that functions as an external sphincter [6]. 
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Malfunction of any of the two may render an individual prone to the development of 

GERD. 

Prolonged exposure of the esophagus to acid and digestive enzymes found in gastric 

fluid, or duodenal contents regurgitated into the stomach, may induce and promote irrita-

tion and result in symptoms and morphological changes to the esophageal mucosa [7]. 

GERD can manifest in a wide range of symptoms, which can be subdivided into typical, 

atypical and extraesophageal symptoms. Typical esophageal symptoms include heartburn 

and acid regurgitation, which have high specificity but low sensitivity for GERD [8]. 

Atypical esophageal symptoms such as epigastric pain, dyspepsia, nausea, bloating and 

belching may be suggestive of GERD but may overlap with other conditions in the diffe-

rential diagnosis such as peptic ulcer disease, achalasia, gastritis, dyspepsia or gastropare-

sis. Lastly, there are various extraesophageal symptoms including non-cardiac chest pain, 

chronic cough, asthma, laryngitis and dental erosions [9].  

1.1.3 Complications of gastroesophageal reflux disease 

Complications of gastroesophageal reflux disease may be esophageal or extraesophage-

al in nature and may vary from mild esophagitis to major life-threatening problems such 

as recurrent pulmonary aspiration, Barrett’s esophagus or esophageal adenocarcinoma, the 

latter being one of the most rapidly increasing type of cancer in Western countries [10]. 

For patients diagnosed with GERD, acid suppression therapy with proton-pump inhibi-

tors is an effective first-line therapy in most cases. However, nearly 40% of the patients 

have incomplete relief of symptoms even after dose adjustment [11, 12], and in these cas-

es severe complications may develop. The major esophageal complications associated with 

persistent GERD include erosive esophagitis, ulcerations, strictures, bleeding, Barrett’s 

esophagus and esophageal adenocarcinoma [13]. The extraesophageal manifestations of 

GERD encompass pulmonary complications, such as asthma [14], ear-nose-throat comp-

lications or dental erosions (Table 1). 
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Table 1. Extraesophageal complications of gastroesophageal reflux [13] 

Pulmonary Cough 

 Chronic obstructive pulmonary disease and asthma 

Ear, nose and throat Hoarseness 

 Laryngitis 

 Sinusitis 

Other Non-cardiac chest pain 

 Angina 

 Sleep disturbance 

 Dental erosion 

 

Thus, chronic acid regurgitation may lead to various secondary pathologies. How does 

the body react in order to avoid the unwanted, potentially life-threatening complications? 

To avoid aspiration, the airways are protected by several aero-digestive reflexes such as 

the esophago-UES contractile reflex, the esophagoglottal closure reflex, and the reflexive 

pharyngeal swallow [15]. These reflexes provide transient, momentary protection to pre-

vent the potential spillage of refluxate into the airways. Beyond these particular, neuron-

mediated quick responses we think that there might be other types of defensive mecha-

nisms. Our hypothesis is that chronic acid exposure may lead to different functional 

changes in the esophagus (development of hypertensive lower esophageal sphincter, hy-

pertensive upper esophageal sphincter, achalasia or diffuse esophageal spasm) and we pro-

pose that these changes could be considered as protective reactions of the organism aimed 

at guarding the refluxate entering the esophagus or beyond, by narrowing the lumen of 

the esophagus. A special form of protective reaction can be observed among patients who 

develop Barrett’s esophagus. These patients may experience significant relief of their pre-

vious heartburn as Barrett’s esophagus develops, and this is due to the replacement of the 

normal squamous epithelium of the esophagus by acid-resistant metaplastic epithelium 

[16]. Schatzki’s ring, esophageal web and esophageal stricture are also secondary compli-

cations of long-standing reflux disease. Although these structural esophageal changes also 

reduce regurgitation, they can not be considered as adaptive changes, but rather second-

ary consequences of reflux disease. Cause-and-effect associations between GERD and 

certain esophageal disorders have already been published in the literature [17, 18, 19].  
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To our knowledge, this is the first study discussing gastroesophageal reflux disease as a 

potential causative factor in the development of nine different esophageal disorders that 

result in reduced acid regurgitation or decreased reflux symptoms. Based on our own ex-

perience and review of the literature, we will later on discuss each of these associations 

individually. 

1.1.4 Treatment of GERD 

Gastroesophageal reflux disease is a chronic disease that typically requires long term 

management in the form of lifestyle modification, medical therapy and for a subset of 

patients, surgical therapy. 

Lifestyle and diet modifications traditionally include weight loss, head of bed elevation, 

avoidance of night-time meals, and elimination of trigger foods such as chocholate, citrus 

juice, caffeine and alcohol. Although lifestyle changes remain a cornerstone in the initial 

therapy of GERD, they may not be sufficient to control symptoms in the majority of 

patients, especially in those with complications. 

The mainstay of treatment of GERD is acid suppression, which can be achieved with 

several classes of medications including antacids, histamine-receptor antagonists 

(H2RAs) or proton pump inhibitors (PPIs). Studies have shown more complete healing 

of erosive esophagitis and heartburn relief with PPIs vs. H2RAs and this effect occurs 

nearly twice as fast (healing rate and heartburn relief of 11.7%/week and 11.5%/week vs. 

5.9%/week and 6.4%/week in the PPI and H2RA groups, respectively) [20]. Patients 

with PPI-refractory GERD can be challenging to treat. In these cases either dosing 

should be increased or an alternate PPI can be used. 

If symptoms persist after attempts at maximizing medical therapy, the evaluation of 

surgical intervention should be undertaken. Indications for antireflux surgery include un-

willingness to remain on lifelong medical therapy, intolerance of medical therapy, medi-

cally refractory symptoms with evidence of GERD on endoscopy or pH monitoring, or 

GERD in the setting of a large hiatal hernia [21]. The two most commonly chosen antire-

flux surgical procedures are total (Nissen 360°) and partial [anterior (Dor 180°) or poste-

rior (Toupet 270°)] fundoplications. The short and medium term outcomes of laparos-

copic antireflux surgery are quite good in terms of improving the typical symptoms of 
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GERD [22]. However, in the long term it appears these results may diminish. During a 

mean follow-up period of 9.1 to 10.6 years, a study comparing long term outcomes in 

medical and surgical therapies for GERD found that 62% of surgical patients took anti-

reflux medications on a regular basis, compared to 92% of medical patients [23]. Anti-

reflux surgery can be very effective but should not be advised with expectation that pa-

tients will no longer take anti-secretory medications [24]. 

Between 1998 and 2015 a total of 407 patients underwent laparoscopic antireflux sur-

gery at the Department of Surgery, University of Pécs [25]. Complementary hiatoplasty 

was required in 110 cases (27%). Direct closure of the hiatus was performed in 51 cases, 

whilst hiatoplasty was reinforced with prosthetic mesh in 28, with teres ligament in 27, 

and with fascia lata in 4 cases, when direct hiatal closures were not considered reliable. 

Late postoperative complications necessitated reoperation in 50/407 patients (12%), 

while 32/110 patients (29%) required revisional surgery due to complications of the hia-

toplasty. Probably the most spectacular revisional antireflux surgery was the case of a 68-

year-old man who underwent mesh-reinforced antireflux surgery in another institution 

and presented at our clinic with dysphagia [26]. Examinations revealed partial penetration 

of the mesh into the esophagus (Figure 1). During an expedited surgery, the mesh was 

removed through thoracolaparotomy. Distal esophagus and proximal gastric resections 

were carried out due to longitudinal perforation site and esophageal stricture, and the 

continuity of the alimentary tract was restored with jejunal interposition. 

 

 

Figure 1. Partial penetration of a sythetic mesh into the esophagus  

after mesh-reinforced antireflux surgery /endoscopic image/ 



ESOPHEGAL COMPLICATIONS OF GASTROESOPHEGAL REFLUX DISEASE 14 

To sum up our experiences, we consider that laparoscopic antireflux surgery is a safe 

procedure with good clinical outcomes. Late complications mostly occur after surgical 

treatment of large hiatal hernias.  

1.2 OBSERVATIONS AND THEORIES 

1.2.1 Hypertensive lower esophageal sphincter 

To date, probably the most proven protective mechanism of the esophagus against re-

flux and its complications is the development of a hypertensive lower esophageal sphinc-

ter (HLES). In HLES patients LES pressure may increase threefold, as high as 45–60 

mmHg. About three-quarters of patients with a hypertensive lower esophageal sphincter 

have symptoms of regurgitation and heartburn, half have chest pain, and one quarter of 

patients display an abnormal esophageal acid exposure on 24-hour pH-monitoring [27]. 

Initially, the association between GERD and HLES may seem paradoxical, as reflux is 

more commonly associated with a hypotensive, incompetent sphincter. However, HLES 

is observed in 1.6–2.7% of the patients evaluated for GERD with manometry [17, 28]. 

These patients often have dysphagia and heartburn simultaneously. The main evidence for 

HLES being secondary to acid reflux is that following a Nissen fundoplication, sphincter 

pressure and pH-metry values return to the normal range again and reflux symptoms dis-

appear. Eliminating reflux in HLES patients by performing a fundoplication may at first 

raise concern about increasing dysphagia, however, the literature justifies its efficiency. 

Tamhankar et al. reported a study determining the outcome of surgical therapy for hyper-

tensive LES associated with GERD or type III hiatal hernia (Group A), and for isolated 

hypertensive LES (Group B) [29]. Patients in Group A had Nissen fundoplication, and 

those in Group B had myotomy of the LES with partial fundoplication. At long-term fol-

low-up, dysphagia and chest pain were relieved in all patients. The authors concluded that 

Nissen fundoplication for hypertensive LES with GERD or type III hiatal hernia relieving 

dysphagia and chest pain suggests reflux as an etiology in the development of HLES. 

Katzka et al. reported 9 patients with HLES and GERD, in whom LES pressure was re-

stored to normal with anti-reflux medication and an additional three with fundoplication 

[30]. 
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In our department, between 1999 and 2006 a total of 222 patients underwent laparos-

copic fundoplication for GERD, including 6 patients (2.7%) who had manometrically 

proven HLES [17]. All 6 patients underwent a laparoscopic floppy Nissen fundoplication. 

Before the operation all 6 patients had abnormal esophageal acid exposure, their mean 

DeMeester score was 41.7 (range 16.7–86), which returned to the normal mean of 2.9 af-

ter the operation. Parallelly, a marked decrease in the gastroesophageal junction pressure 

was detected. The mean LES pressure before the operation was 50.5 mmHg (range 35.6–

81.3), which decreased to a mean of 24.7 mmHg after the surgery. At the late follow-up, 

all patients were symptom-free.  

Thus, some HLES is caused by acid reflux, and this elevated pressure can be interpret-

ed as a protective action of LES to hinder gastroesophageal reflux. By eliminating exces-

sive esophageal acid exposure with a simple fundoplication, the protective reaction of LES 

is no longer needed, and the pressure of LES returns to normal.  

1.2.2 Achalasia 

Numerous facts and observations support the theory that there is a cause-and-effect 

relationship between long-standing reflux disease and the development of achalasia. The 

theory was first proposed by Smart et al. in 1986, who described five patients presenting 

with reflux and subsequently developing achalasia over the years [31]. Since then several 

reports were published where gastroesophageal reflux was documented to occur in pa-

tients prior to the development of achalasia [32, 33]. Probably the most interesting of 

these was a case where GERD progressed to diffuse esophageal spasm and then to acha-

lasia [34].  

Reflux-induced severe esophagitis may damage the ganglion cells, and later an autoim-

mune reaction may possibly develop, maintaining chronic inflammation in the myenteric 

plexus of the esophagus leading to the degeneration of the inhibitory nerve endings and 

thereby to achalasia. This theory is supported by Altorjay et al. who examined morpho-

logical and metabolic changes in the muscle samples taken from the LES of reflux patients 

and compared them to muscle samples taken from non-reflux patients [35, 36]. In the 

muscle samples of reflux patients, they found a significant increase in the energy-enzyme 

activities (e.g. creatine kinase, lactate dehydrogenase, beta-hydroxybutyrate dehydrogen-
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ase, and aspartate aminotransaminase), as well as in the concentration of structural pro-

tein S-100 and the myofibrillar protein troponin; the latter associated with the develop-

ment of hypertrophy-like changes of the LES muscle. The authors also reported that en-

teric ganglionitis and significantly lower Schwann cell counts could be detected in LES 

muscle samples taken from patients with GERD. They suggested that these changes 

might lead to various functional esophageal diseases.  

Other reports showed that 10–20% of untreated achalasia patients had abnormal acid 

exposure on pH monitoring [36, 37, 38]. These acidic episodes were accompanied by 

transient relaxations of the LES [39]. In the literature the development of Barrett’s 

esophagus [40] and even esophageal adenocarcinoma among untreated achalasia patients 

has been reported, suggesting that long-standing reflux disease preceded, and possibly 

played an etiological role in the development of achalasia. Similarly, several cases have 

been described where achalasia occurred with concomitant hiatal hernia [41, 42]. It is 

well-known that hiatal hernia facilitates development of GERD due to impairment of an-

tireflux barriers, namely the elongation of the phrenoesophageal ligament and migration 

of the gastroesophageal junction from the abdominal cavity into the thorax, the coexist-

ence of hiatal hernia and achalasia seeming to be paradoxical. Despite the apparent con-

tradiction, we also had patients with achalasia and concomitant hiatal hernia (Figure 2).  

In summary, the potential relationship between gastroesophageal reflux and achalasia is 

not clearly defined yet, but we have reason to believe that it can very well be. Based on a 

rational interpretation of our own findings and literature (Table 2), it can be assumed that 

chronic acid exposure may trigger diverse structural and functional changes in the esoph-

agus. 

Our surgical team has operated on over 40 patients with achalasia in the past 15 years, 

and in 10% of the cases achalasia developed on the ground of gastroesophageal reflux dis-

ease. In our opinion, in these cases dilation therapy should be avoided and the surgical 

management of achalasia should include a laparoscopic Heller’s myotomy completed with 

a 360° Nissen fundoplication in order to minimize the risk of postoperative reflux. 
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Figure 2. Achalasia and concomitant hiatal hernia on barium swallow test 

 

Table 2. Literature analysis of the connection between gastroesophageal reflux disease and acha-

lasia 

Study Number of patients Conclusion 

Smart et al,
30

 1986 5 Causative connection 

Altorjay et al,
34

 2006 11 Similar morphologic changes 

Robson et al,
33

 2000 1 Causative connection 

Schoenut et al,
31

 1995 23 Possible connection 

Guo et al,
39 

2002 2 Causative connection 

Varga et al,
17

 2008 6 Causative connection 

Lamb et al,
27

 2009 30 No relation presumed 

Moses et al,
43

 2003 45-16
 a

 No connection 

Fischiella et al,
44

 2008 7 No relation presumed 

Spechler et al,
45

 1995 9 Coincidence 

Note: 
a
 In this paper 45 cases with achalasia and 16 cases with GERD were reported. 
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1.2.3 Diffuse esophageal spasm 

Diffuse or distal esophageal spasm (DES) is an uncommon esophageal motility disor-

der that presents clinically with chest pain and/or dysphagia and is defined manometrical-

ly as simultaneous contractions of the distal esophagus in ≥20% of wet swallows alternat-

ing with normal peristalsis [46]. DES was described clinically more than 100 years ago by 

Osgood et al. [47] and manometrically in 1954 by Creamer et al. [48]. Despite the recog-

nition of the condition for over a century, the cause of the disease remains unknown. 

Some studies have suggested that DES is characterized by a loss of neural inhibition [49]. 

Functional studies in animal and human models have found that inhibition of nitric oxide 

induces simultaneous contractions in the distal esophagus, the manometric hallmark of 

DES, whereas replacement of nitric oxide reverses the defect. 

The role of gastroesophageal reflux disease in DES, has been suggested by several ob-

servations. Esophageal motility abnormalities induced by acid perfusion have been des-

cribed since the late ’60s [50]. As we mentioned before, a very special and spectacular case 

was reported by Robson et al. who presented a patient with gastroesophageal reflux dis-

ease, who subsequently developed diffuse esophageal spasm and then achalasia [34]. Co-

existing gastroesophageal reflux disease has been reported to occur in 38–60% of patients 

with DES [51, 52]. Treatment of DES is imperfect and difficult due to the incomplete 

understanding of the pathophysiology and cause of this condition. Although there is no 

consensus on the role of acid reflux in DES, patients with coexisting GERD are suggested 

to use acid suppression instead of muscle relaxants, which may worsen their GERD. We 

believe that in case of patients where the above characterized simultaneous esophageal 

contractions develop on the ground of gastroesophageal reflux disease, DES can be con-

sidered as an adaptive reaction of the esophagus, as the contractions will after all impede 

the gastric refluxate to get into the esophagus or above. 

We had a 70-year-old male patient presenting with epigastric pain and progressive dys-

phagia. Examinations revealed diffuse esophageal spasm with hiatal hernia and GERD 

(Figure 3). 
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Figure 3. Diffuse esophageal spasm and concomitant hiatal hernia on barium swallow test 

1.2.4 Hypertensive upper esophageal sphincter 

Several studies have reported a swift rise in upper esophageal sphincter (UES) pressure 

following the infusion of acid into the lower esophagus of healthy subjects [53, 54]. To-

kashiki et al. [55] termed this reflex-based rise in UES pressure “respiratory defense 

mechanism” in which the presence of acid is first detected by the mucosal afferent nerves 

of the UES, then the sphincter contracts reflexively to protect the respiratory tract from 

aspiration. We presume that chronic acid exposure in the esophageal body likely leads to 

the hypertonicity of the UES, which can be considered as an adaptive mechanism. 

The leading symptoms of patients with a hypertensive UES (HUES) are cervical dys-

phagia and nocturnal cough. If the patient gives an account of long-standing heartburn 

prior to these complaints, the likelihood of a causal relationship between chronic GERD 

and HUES is increased. In case of reflux induced HUES treatment strategy should in all 

cases comprise long-term acid suppression therapy after the esophageal dilation. 

We had two patients with such history. In one patient examination revealed a 3 cm 

long narrowing of the esophageal lumen at the pharyngoesophageal junction (Figure 4) 

and concomitant gastroesophageal reflux disease, shown by 24h pH-metry. The assump-
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tion that reflux induced the formation of the hypertensive UES was confirmed by the fact 

that the patient became symptom-free following a dilation and long-term PPI therapy. 

The other patient also presented with complaints of escalating cervical dysphagia. Barium 

swallow test revealed a cricopharyngeal bar (Figure 5), which is the hypertrophy of the 

cricopharyngeus muscle, while 24h pH-metry showed abnormal reflux patterns. Similarly 

to the previous case, this patient also underwent esophageal dilation, was put on acid sup-

pression therapy and from then on he became symptom-free. 

 

 

Figure 4. Narrowing of the upper esophageal 

sphincter due to hypertonicity of the UES 

/barium esophagogram/ 

 

Figure 5. Cricopharyngeal bar shown on 

barium swallow test 

 

1.2.5 Zenker’s diverticulum 

A large body of evidence supports the association between GERD and the develop-

ment of a Zenker’s diverticulum, a pharyngeal pouch formed from a weak point in Killi-

an’s triangle [19]. The formation of this diverticulum of the hypopharynx is the conse-

quence of cricopharyngeal muscle hypertension, which is most likely induced by chronic 

acid exposure and can be regarded as a defensive mechanism of the esophagus precluding 

aspiration. The development of a Zenker’s diverticulum is an unwanted, indirect conse-
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quence of this protective hypertension of the cricopharyngeal muscle. Morales-Divo et al. 

found extraesophageal reflux in more than 72% of the patients with Zenker’s diverticu-

lum [56]. The same author reported that hiatal hernia was found in 39% of the patients 

with Zenker’s diverticulum, while it occured only in 16% in the control group. Approxi-

mately 10% of patients undergoing antireflux surgery have short esophagus [57]. Sasaki et 

al. presumed that acid reflux may induce longitudinal esophageal shortening, which in 

turn increases the risk for the development of herniation between two spatially related 

structures, the pharyngeal constrictors and cricopharyngeus muscles, leading to the de-

velopment of Zenker diverticulum [19].  

We recommend that when establishing the diagnosis of a Zenker’s diverticulum, the 

presence of GERD should be always excluded. If reflux is present, therapy should comp-

rise either endoscopic or surgical treatment of the diverticulum, completed with cricopha-

ryngeal myotomy and long-term acid suppression therapy.  

A long peptic stricture and a Zenker’s diverticulum (Figure 6) were revealed to be the 

cause of progressive dysphagia and regurgitation symptoms of a male patient who pre-

sented at our clinic. Both disorders were considered to be consequences of GERD. 

 

 

Figure 6. Long peptic stricture and a Zenker’s diverticulum shown on barium swallow 

 



ESOPHEGAL COMPLICATIONS OF GASTROESOPHEGAL REFLUX DISEASE 22 

1.2.6 Schatzki’s ring 

Schatzki’s rings are lower esophageal rings that form at the esophagogastric junction 

and are thin concentric protrusions covered proximally by normal esophageal squamous 

epithelium and by gastric epithelium on the distal side of the membrane [58]. It is well 

established that 31–66% of SR patients are found to have pathologic gastroesophageal 

reflux on 24-h esophageal pH monitoring [18, 59] and nearly all of them have hiatal her-

nia [60]. The current, established treatment for Schatzki’s rings is esophageal dilation. 

Although this therapy is effective initially, long-term results are disappointing with high 

symptomatic relapse rates [61]. Several studies and anecdotal evidence suggested that di-

lation or incision in patients with symptomatic lower esophageal rings resulted in longer 

symptom-free survival and fewer recurrences if those were followed by treatment of 

GERD [60, 62]. This finding was confirmed by Sgouros et al. in a prospective study [63]. 

They found that the high relapse rate after successful esophageal dilation due to the 

reformation of the ring could be prevented by a post-dilational, long-term, acid-

suppressive maintenance therapy with PPIs. These findings support an inflammatory eti-

ology of the ring, promoted by acid reflux in the esophagus. We do not consider that the 

development of Schatzki’s ring in reflux patients is an adaptive reaction, however, it clear-

ly reduces acid exposure into the upper parts of the esophagus. 

An interesting, but unsurprising observation was made by Mitre et al., namely that Bar-

rett’s esophagus is less prevalent in patients with Schatzki’s ring compared to patients 

without Schatzki’s ring (0.73% vs. 1.80%) [64]. Long segment Barrett’s esophagus was 

not observed in any patients with Schatzki’s ring. This observation supports the theory 

that Schatzki’s ring protects the esophagus proximal to the ring from excessive acid expo-

sure.  

In our clinic we treated eleven patients with Schatzki’s ring. All of them had symptoms 

of GERD prior to the development of dysphagia, and at diagnosis barium swallow test 

revealed a concomitant hiatal hernia in nearly all cases (Figure 7). 
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Figure 7. Typical Schatzki’s ring and concomitant hiatal hernia /barium esophagogram/ 
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1.2.7 Esophageal web 

An esophageal web is a thin, eccentric, smooth extension of normal esophageal tissue 

consisting of mucosa and submucosa that can be found anywhere along the esophagus, 

but typically occur in the proximal esophagus. Similarly to Schatzki’s ring, esophageal 

webs could be considered as secondary consequences of GERD, which ease the patient’s 

sypmtoms of heartburn, however, their formation can not be regarded as a real adaptive 

mechanism. 

We managed a 42-year-old male patient at our clinic who presented with progressive 

dysphagia. An esophageal web was diagnosed (Figure 8). We excluded the presence of 

Plummer-Vinson syndrome, NSAID or caustic injury in the patient’s history. The web 

was successfully treated with dilation. The subsequent onset of reflux symptoms suggest-

ed reflux as an etiology, which ceased as soon as the patient was put on omeprazol thera-

py. Reformation of the web was not observed. 

 

 

Figure 8. Esophageal web between the upper and middle third of the esophagus /barium swallow/ 
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1.2.8 Barrett’s esophagus 

The development of Barrett’s esophagus can be regarded as a special form of accom-

modation of the esophagus against reflux. The metaplastic specialized columnar epitheli-

um (SCE) of Barrett’s esophagus arises in the setting of long-lasting GERD likely as re-

placement for acid-damaged squamous epithelium (SqE). As such, SCE is more acid-

resistant than SqE and represents a form of “adaptive protection” against a hostile luminal 

environment [16]. Consequently the long-lasting heartburn and other reflux symptoms 

may ease as soon as patients develop Barrett’s esophagus due to the insensitivity of the 

specialized columnar epithelium. This has been clinically demonstrated by use of the 

Bernstein test [65]. This observation is also supported by routine histological findings, 

namely that biopsies taken from the intestinalized cardiac mucosa show little or no in-

flammation. DeMeester presumed that the widespread use of acid-suppressive medication 

since 1970s, played a role in the increasing incidence of Barrett’s esophagus [66]. Accord-

ing to this theory, elevation of the pH up to the 3–6 range stimulates phenotypic diffe-

rentiation of the cardia type mucosa toward intestinalization [67]. This more alkaline gas-

tric environment causes the biochemical imbalance of bile acid metabolism, which may 

result in an increased probability of mucosal damage. Also, this injury may lead to genetic 

modifications in the progenitor cells, which may subsequently produce metaplastic epi-

thelium. Jovov et al. examined what contributed to the relative acid resistance of SCE in 

Barrett’s esophagus compared with the native SqE vulnerable to acid damage. They found 

that the SCE of Barrett’s esophagus is significantly richer in Claudin-18 (a dominant tight 

junction protein) than SqE and this may contribute to its greater acid resistance, as Clau-

din-18 selectively decreases the permeation of cations through the paracellular pathway 

and this decrease extends to H
+

 [16]. Nancarrow et al. studied the genome expression 

profile of esophageal biopsy tissues from individuals with Barrett’s esophagus and those 

with normal squamous epithelium [68]. They found that Barrett’s esophagus is a tissue 

with capacity for enhanced glycoprotein synthesis machinery designed to provide strong 

mucosal defenses aimed at resisting gastroesophageal reflux disease. 
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1.2.9 Esophageal stricture 

Esophageal strictures are well-known severe complications of GERD that occur in ap-

proximately 10% of patients with untreated erosive esophagitis [69]. Strictures have been 

associated with hypotensive lower esophageal sphincter, hiatal hernia, motility dysfunc-

tion and bile reflux exposure [70]. They usually occur in the lower esophagus and typical-

ly tend to be 2–4 cm long, but may include the entire length of the thoracic esophagus 

[71]. The pathogenesis of esophageal strictures is unclear. Most theories say that peptic 

strictures develop as a result of healing and fibrosis of reflux induced inflammatory le-

sions in the distal esophagus, leading to esophageal wall thickening and luminal con-

striction. Most strictures cease to worsen when the esophagus is narrowed to a diameter 

of 1.5–2 cm [71]. This near-complete lumen obliteration limits the gastric refluxate to go 

up to the proximal esophagus and beyond.  

We observed in several of our own patients that as soon as the peptic stricture deve-

lops, esophagitis being proximal to the narrowing ceases (Figure 9). We believe that in 

case of reflux induced esophageal strictures, the luminal constriction is not an adaptive 

reaction against reflux, but a structural consequence of acid induced inflammation that 

will, as a matter of fact, finally lead to a reduced risk of pulmonary aspiration.  

 

 

Figure 9. Esophagitis ceased proximal to the esophageal stricture /endoscopic image/ 
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1.2.10 Subglottic tracheal stenosis 

Several studies reported a strong association between extraesophageal reflux (EER) 

and development of subglottic tracheal stenosis (STS) [72-76]. Subglottic tracheal steno-

sis is not an esophageal pathology, therefore it can be considered as an odd one out in this 

thesis, however, narrowing of the upper airway in response to acid reflux can also be con-

sidered as a form of protective reaction against aspiration, as such we find it important to 

mention here. Subglottic tracheal stenosis is an abnormal narrowing of the airway in bet-

ween the glottis and the cricoid cartilage. It may be due to a variety of diseases, such as 

post intubation injury, airway trauma, inhalation burns or irradiation. A peculiar group of 

patients with subglottic stenosis is represented by those with “idiopathic” stenosis, who, 

by definition have no known etiology. This disease is characterized by an inflammatory 

cicatricial stenosis that occurs almost exclusively in females between the third and fifth 

decade [77]. Extraesophageal reflux has been implicated as a contributing or causative 

factor in the development of inflammatory lesions of the upper aerodigestive tract over 

the last several decades. In 1980, Bogdasarian et al. suggested that gastroesophageal reflux 

is a factor significant to the development of posterior glottic stenosis [72]. Koufman et al. 

reported a study involving 32 patients with laryngotracheal stenosis (LTS) and found that 

78% of the patients demonstrated laryngopharyngeal reflux with dual-probe 24-hour pH-

metry [73]. In a prospective study, Toohill et al. concluded that reflux to the pharynx, 

larynx and trachea would add insult to an intubated or injured airway, thus enhancing the 

development of a stenosis [74]. The authors found that identification and treatment of 

GER simplifies and improves the treatment of LTS and they suggested that all patients 

with LTS should be concomitantly managed for GERD. Jindal et al. studied seven pa-

tients with idiopathic subglottic stenosis (iSGS) by barium esophagogram, pH monitor-

ing, and response to antireflux therapy and concluded that GER was the likely cause of 

iSGS [75]. Strong evidence of the presence of EER in iSGS was published by Blumin et al. 

[76]. In a prospective study involving 22 patients with iSGS, biopsies of the subglottic 

scar and postcricoid area were evaluated for the presence of pepsin, which is well-known 

to be made only by gastric mucosa. They found that one-half of the patients had pepsin 

embedded in the tissue of their larynx or subglottic scar. This finding was substantial and 
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gave support that this condition is indeed a result of refluxed and microaspirated gastric 

contents. 

Luminal stenosis of the subglottic trachea in response to EER decreases the risk of as-

piration in the lower airways. In our interpretation, subglottic tracheal stenosis can be 

classified as a reflux induced structural consequence, which by the way, reduces the risk 

of aspiration. 

We had an interesting case of a 70-year-old woman who used to have achalasia and for 

this reason underwent esophagogastrostomy 40 years ago. Thereafter she developed se-

vere acid reflux with pulmonary complications and a subglottic trachea stenosis that even 

necessitated tracheostomy provisionally. Regular intake of antacid drugs led to alleviation 

of the stenosis, subsequently the tracheostomy was closed. Forty years later she presen-

ted at our hospital with stridor and difficulty breathing and a subglottic tracheal stenosis 

was revealed again (Figure 10). We presumed that reformation of the stenosis was trig-

gered by recurrent reflux originated from the esophagogastrostomy. Accordingly we re-

sected the anastomosis and restored the continuity with a jejunal interposition. The pa-

tient’s reflux symptoms ceased and the tracheal stenosis was treated by dilation. 

 

 

 

 

 

 

 

 

 

 

Figure 10. Subglottic trachea stenosis and below  

the former site of tracheostomy /virtual bronchoscopy/ 
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1.3 CONCLUSION 

In summary, the esophagus – and the airway – can react in various ways to chronic acid 

exposure [78-81]. Patients with progressive GERD, refractory to medical treatment, may 

develop diverse structural and functional esophageal changes (Table 3). The functional 

changes (HLES, HUES, achalasia, diffuse esophageal spasm) seem to be adaptive reac-

tions aimed at easing the unpleasant symptoms and reducing acid regurgitation. The de-

velopment of Barrett’s esophagus can also be regarded as an adaptive change, as it is asso-

ciated with a decrease in reflux symptoms. The structural changes (Schatzki’s ring, eso-

phageal web, esophageal stricture, subglottic tracheal stenosis) also result in decreased 

acid regurgitation, but we consider that these are rather secondary consequences of 

GERD and not adaptive mechanisms. We have to note that these apparently protective 

complications may also give rise to some inconvenient conditions. For instance, Barrett’s 

esophagus is the anteroom of esophageal adenocarcinoma. Or, the newly developed 

esophageal motility disorders are often followed by dysphagia and chest pain, or, the hy-

pertonicity of the upper esophageal sphincter might facilitate the development of a 

Zenker’s diverticulum, leading to further complications. 

We recommend that when establishing the diagnosis of a functional esophageal disor-

der, the etiology of GERD should be at all times ruled out, as it may alter therapeutic 

strategy. If reflux proves to be present, treatment should primarily focus on eliminating 

acid regurgitation. 

In human evolution, we observe countless forms of adaptation. However, the deve-

lopment of adaptive or defensive reactions in ontogeny is very much debated in the litera-

ture. At the same time, the enumerated protective reactions suggest that these changes are 

probable accommodation mechanisms of the organism, aimed at preventing the harmful 

consequences of reflux disease. It is unlikely that these are simple coincidences. However, 

we have no satisfactory explanation as to that why some reflux patients will develop 

HLES, while others develop achalasia or HUES, etc. in response to acid reflux. Similarly, 

no explanation can be provided for why only half of reflux patients develop esophagitis 

and the other half do not. Could the difference be found in the composition of the re-

fluxed juice or in the patients? This is a highly interesting research question. We believe 

that the hypothesis that GERD may induce self-protective reactions in the esophagus is 
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well-supported by the findings detailed in this thesis, but further large-scale prospective 

studies are needed to confirm these associations. 

Table 3. GERD induced protective reactions  

Adaptive changes Structural changes 

Hyperensive lower esophageal sphincter Schatzki’s ring 

Achalasia Esophageal web 

Hypertensive upper esophageal sphincter 

- Zenker’s diverticulum 

Esophageal stricture 

Barrett’s esophagus Subglottic tracheal stenosis 

Diffuse esophageal spasm  
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CHAPTER 2 

FUNCTIONAL EXAMINATION OF THE TRANSPOSED PYLORIC 

SPHINCTER IN ANTIREFLUX PORCINE MODELS: COULD IT BE 

SUITABLE TO CREATE A CONTINENT ILEOSTOMY? 

2.1 INTRODUCTION 

The pyloric sphincter is a cone-shaped band of circular smooth muscle at the gastro-

duodenal junction that acts as a valve, permitting food to pass into the duodenum or be 

retained in the stomach. When removed from the gastroduodenal continuity, the pyloric 

valve looses its parasympathetic innervation, which results in an increased resting tone of 

the ring. After careful consideration of the benefits and disadvantages, the pyloric valve 

can be sacrificed in order to, for example, replace another damaged sphincter in the body. 

The successful transposition of the pyloric sphincter to reconstruct or replace a severely 

damaged incontinent anal sphincter has been previously described in humans and it was 

suggested as a surgical option for patients with end stage fecal incontinence [1, 2]. Re-

moval of the sphincter from its original place does not significantly influence the quality 

of life, distal partial gastrectomy is described to have a tolerable amount of late complica-

tions. To date, distal gastrectomy with Billroth I reconstruction is a generally accepted 

surgical approach for both early distal gastric cancer and complicated peptic ulcer disease 

[3]. Billroth I type of anastomosis is reported to be associated with lower rate of early 

postoperative complications compared to Billroth II and Roux-en-Y reconstructions [4]. 

Furthermore, pyloric valve transposition leaves the antrum intact, therefore it is a less 

radical intervention than Billroth I surgery. 

In our study, we planned a two-stage animal experiment aimed at examining different 

uses of the pyloric sphincter. The primary purpose of our experiment was to evaluate 

whether the pyloric sphincter based on the left gastroepiploic arterial pedicle could be 

technically transposed around the esophagogastric junction that had been previously 

weakened by circular myectomy, hereby artificial gastroesophageal reflux was created. 

Today laparoscopic fundoplication is the standard surgery for gastroesophageal reflux 
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disease. In the short term, fundoplication is considered to be an effective procedure, more 

than 90% of the patients are satisfied with their symptom control over a period of 1–2 

years [5]. However, efficacy wanes with time and post-fundoplication complications may 

occur, such as migration or herniation of the fundic wrap. These failures aspired us to 

search for a different, possibly more efficient antireflux procedure. We investigated 

whether creation of a pyloric wrap could be an alternative of fundoplication. Beyond the 

technical feasibility, we examined if the valve preserved its pharmacological responsive-

ness in the new, ectopic position.  

In the second series of our experiment we aimed to examine the use of the pyloric ring 

in the construction of a continent ileostomy, where there would also be great need for a 

functioning sphincter to achieve complete continency. Continent ileostomy is an alterna-

tive to end ileostomy for patients who have undergone total proctocolectomy, providing 

substantial physical and psychosocial benefits over a conventional ileostomy. The surgical 

technique to create a continent ileal reservoir has evolved in the past decades, however, 

complete continency can still not be achieved, and regular pouch intubation is needed [6], 

leaving millions of people with reduced quality of life worldwide. Wrapping a pedicled 

pyloric sphincter around the efferent loop of a small intestine reservoir may probably 

guarantee constant continency, whilst local use of smooth muscle relaxant could allow 

planned evacuation of the stoma. 

2.2 METHODS 

2.2.1 Antireflux model 

In the first series of our experiment 6 pigs (Hungahib-39 pigs, BW: 20.1 +/- 1.9 kg) 

underwent surgical transposition of a pedicled pyloric sphincter around the gastroesopha-

geal junction, where circular myectomy, hereby artificial gastroesophageal reflux had been 

previously created. The experiment was performed in the Surgical Research Laboratory of 

the University of Debrecen, Hungary. The operations were carried out under general 

anesthaesia. As premedication a single dose of azaperon (2 mg/kg) was given intramuscu-

lar. The anesthesia was maintained by giving intramuscular ketamine (15 mg/kg) and 

xylazine (1 mg/kg) throughout the experiment. In all experimental animals an inferior 
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tracheostomy was performed and an endotracheal tube was inserted for supported venti-

lation. Pressure support mechanical ventilation (Airox Legendair Ventilator, PAU Cedex 

France) was used. After a midline laparotomy, the gastrocolic omentum was dissected off 

the transverse colon. The branches of the gastroepiploic vascular arcade to the greater 

curvature of the stomach were divided with care taken to preserve the epiploic arcade and 

terminal branches to the pyloric valve. Mobilization of the gastroepiploic arcade started at 

the upper margin of the pylorus, detachment then proceeded to include one-half to two-

thirds of the greater curvature. The right gastroepiploic artery was ligated and divided at 

the lower margin of the pylorus. The antral and duodenal ends of the pyloric valve were 

cut (Figure 11). The pyloric ring was, from here on, based on the left gastroepiploic ar-

tery.  Gastroduodenostomy was performed to restore the gastrointestinal continuity.  

 

 

Figure 11. Pyloric ring based on the left gastroepiploic artery 

 

After this, we excised the muscular layer of the lower esophageal sphincter on a zone 

as wide as 1.5 cm. The pyloric ring was cut on the lesser curvature side, and sutured 

around the impaired distal esophagus (Figure 12). In all animals, changes in the microcir-

culation of the pyloric ring were measured by laser Doppler flowmetry (LDF) before and 

after the transposition. Similarly, changes in the intraesophageal pressures were measured 

before and after the cardiomyectomy and after the transposition of the ring around the 

cardia. For this, we used a multichannel esophageal balloon manometry, custom-made 

and developed by the Department of Information Technology, University of Debrecen, 
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Hungary. After this, half of the animals received parasympathomimetics (neostigmine 0.2 

mg), the other half nitrovasodilators (glyceryl trinitrate 4 mg) systematically, then the int-

raesophageal pressure and microcirculation of the transposed pylorus were measured 

again.  

 

 

Figure 12. Pyloric sphincter based on the left gastroepiploic artery and transposed around the 

weakened gastroesophageal junction 

 

The experiment was approved and registered by the University of Debrecen 

Committee of Animal Welfare (permission Nr.: 22/2017. UD CAW), in accordance with 

the Hungarian Animal Protection Act Law XVIII/1998 and the Ordinance 40/2013. 

(II.14.) of the Hungarian Government and EU directive (Directive 2010/63/EU). 

2.2.2 Continent ileostomy model 

In the second series of our experiment, as a preliminary study, we aimed to create con-

tinent ileostomy in porcine models with the use of a pedicled pyloric sphincter, wrapped 

around the efferent loop of a 3-limb S-pouch. We involved 2 female pigs in the study who 

were under the same general anesthesia as in the first series of the experiment. After a 

midline laparotomy, an end ileostomy with an S-pouch was created in both subjects. The 

S-pouch included three 10-cm small bowel limbs to construct the reservoir, and the effe-

rent limb of 15 cm was sutured to the abdominal wall as a stoma. The pyloric ring based 

on the left gastroepiploic arterial pedicle was dissected the same way as described before, 
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the pylorus was then cut on the anti-mesenteric side and placed next to the ileostomy, 

where it was wrapped around the small intestine between the abdominal wall and the S-

pouch (Figure 13). The diameter of the pyloric ring was adjusted to the diameter of the 

ileum in a way that a 24 Ch catheter was inserted in the lumen of the ileostomy and the 

pylorus was wrapped tightly around the bowel, with regard to avoid ischaemization of the 

intestine. The catheter was left behind in the intestine in order to relieve the anastomosis. 

Pharmacological responsiveness of the transposed pyloric ring to drugs was not examined 

in these cases. 

 

 

Figure 13. Pyloric sphincter based on the left gastroepiploic artery and transposed  

around the efferent loop of a S-pouch 

 

2.3 RESULTS 

Transposition of the pedicled pyloric ring around the impaired cardia is technically fea-

sible, the pyloric flap preserved its viability throughout the operation (Figure 14). How-

ever, the lumen of the ring was too narrow to surround appropriately the esophagus, and 

most likely would have caused dysphagia on the long term. The pharmacological respon-

siveness of the ring in the ectopic position, however, could be examined very well. 
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Figure 14. Pyloric sphincter being sutured around the esophagogastric junction 

 

Microcirculation of the sphincter with the gastroepiploic artery (GEA) pedicle barely 

changed after it was removed from the gastroduodenal continuity (33 BFU vs. 32 BFU), 

which proves the completeness of the gastroepiploic arcade (Figure 15). After the crea-

tion of the pyloric cuff around the weakened cardia, 3 animals were given glyceryl trini-

trate 4 mg (Group A), while the other 3 received neostigmine 0.2 mg intravenously 

(Group B). 3 minutes later, laser Doppler flowmetry showed that microcirculation of the 

ring increased in Group A (40 BFU) and decreased in Group B (28 BFU). Parallelly, we 

measured the intraesophageal pressure at different stages of the operation (Figure 16). 

The average basic pressure of the intact cardia was 42 mmHg, which dropped to an ave-

rage of 26 mmHg after the partial cardiomyectomy. Then, as the cut pyloric ring was su-

tured around the weakened cardia with its original diameter, the intraesophageal pressure 

rose to an average of 72 mmHg. This value suggests that the ring is too narrow to use as a 

cuff around the esophagus, and would probably cause dysphagia in the animal. In Group 

A, 3 minutes after the injection of glyceryl trinitrate, the intraesophageal pressure dropped 

to an average of 65 mmHg. In Group B, the injection of neostigmin led to further increase 

in the intraesophageal pressure after 3 minutes (84 mmHg). 
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Figure 15. Changes in the microcirculation of the pyloric ring measured by Laser Doppler (mini-

mum, mean and maximum BFU values in au) 

 

 

Figure 16. Changes in the intraesophageal pressures measured by manometry (minimum, mean 

and maximum pressure values in mmHg) 
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The continent ileostomy model was also technically feasible, the left gastroepiploic ar-

terial pedicle was sufficiently long to reach the ileostomy (Figure 17). These two porcine 

models were surviving animals. On the second postoperative day, the animals were re-

operated, the surgical field was reviewed. We found that the gastroepiploic arterial pedicle 

was well pulsating, the pyloric ring was viable and caused no ischaemia on the bowel. 

 

 

Figure 17. Pedicled pyloric sphincter transposed around the efferent loop of an S-pouch 

2.4 DISCUSSION 

The left and right gastroepiploic arteries run along the greater curvature of the sto-

mach. In humans, the left and right GEA form a continuous arcade in 70% of the cases 

[7]. Various uses of the arcade are known in reconstructive surgery. Blood supply to a 

reconstructed gastric tube after esophagectomy is mainly through the right gastroepiploic 

artery. Or, the right GEA has been, for example, recognized as a suitable and reliable 

conduit for coronary bypass surgery, with excellent clinical results [8]. Harvest of 

omental flaps based on the left or right gastroepiploic artery and vein has proved to be a 

valid alternative for the coverage and treatment of mediastinal or sternal wounds [9, 10] 

and also in patients with head and neck defects [11]. Similarly, several authors reported 

that the use of laparoscopically harvested pedicled omental flaps is a safe and feasible re-

constructive option in oncoplastic breast surgery with good cosmetic outcomes [12].  
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The use of different autologous tissues in reconstructive surgery has always roused the 

fantasy of surgeons, as implantation of foreign materials may always be the source of 

complications. In antireflux surgery, the two most commonly chosen procedures are total 

(Nissen 360°) and partial [anterior (Dor 180°) or posterior (Toupet 270°)] fundoplica-

tions. If the defective lower esophageal sphincter is associated with a hiatal hernia, fun-

doplication has to be completed with a hiatoplasty. Previously we introduced new biolo-

gic reinforcement options in humans for large hiatal closures: one with the use of liga-

mentum teres, the other with the use of fascia lata grafts [13, 14]. Both techniques proved 

to be feasible, safe and promising options for the treatment of large hiatal hernias. For 

solitary defective lower esophageal sphincters fundoplication is the gold standard surgical 

treatment, though its popularity has somewhat declined due to concerns regarding wrap 

durability and adverse events. Especially after Nissen fundoplication, early postoperative 

complications, such as dysphagia, bloating or diarrhea, can occur in 50–70% of patients, 

however, these are usually solved by themselves in 3–6 months [5]. Recurrence of reflux 

in the late postoperative period occurs in 15–30% in the literature, which may in some 

cases necessitate reoperation [15]. In the Department of Surgery, University of Pécs, bet-

ween 1998 and 2015, our surgical team operated on a total of 407 patients with GERD, all 

of whom underwent laparoscopic – mainly total – fundoplication [16]. Reoperation was 

necessary in 50 patients (12%), mostly due to postoperative dysphagia and wrap migra-

tion. These complications aspired us to search for an alternative, new antireflux procedure 

that may possibly eliminate these undesirable complications and side-effects. Gaining 

confidence from the publications on the successful transfer of the pyloric sphincter into 

the anal region, we got the idea to use a pedicled pyloric sphincter to restore the high 

pressure zone of a weakened lower esophageal sphincter. We chose the left GEA as pedi-

cle for the pylorus, but the right GEA pedicle would have also reached the lower esopha-

gus. During the experiment, the use of tracheostomy instead of conventional intubation 

was favourable, since by so doing, changes around the esophagus and cardia could be ex-

amined undisturbed. Our reflux animal model [17] was not perfect though, as we inten-

tionally did not extend the circular myectomy to the whole gastroesophageal junction. 

The reason for this is that excision of all muscle fibers in this region is very difficult and 

we wanted to avoid any damage to the mucosal tube. Consequently, after the limited my-
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ectomy we didn’t completely ablate the pressure in the gastroesophageal junction, it only 

decreased from 42 mmHg to 26 mmHg. The cut pyloric ring was sutured around the im-

paired gastroesophageal junction at its original diameter. Manometry then showed that 

the distal intraesophageal pressure increased from 26 mmHg to 72 mmHg, meaning that 

the pyloric ring is a too tight structure to restore an antireflux barrier and the animal 

would very likely experience difficulty swallowing in the future. So we concluded that, 

however, the operation itself was technically feasible, the pyloric sphincter would not be 

suitable to replace a damaged lower esophageal sphincter due to its narrow lumen and 

high resting tone, and in this location, it would likely cause mechanical obstruction. Re-

gardless of this finding, we continued the experiment to explore the response of the ring 

to different drugs. Injection of neostigmine caused contraction in both the smooth muscle 

of the ring and in its vessels. In contrast to this, a bolus of intravenous glyceryl trinitrate 

resulted in a rise in the microcirculation, and in the relaxation of the ring. However, we 

have to note that these measured changes in the pressure values could be partly attributed 

to the spared muscle fibers of the gastroesophageal junction, as they evidently also res-

ponded to the injected medicines. These findings provided evidence that the cut and re-

sutured pedicled pyloric sphincter responded to drugs in the new, ectopic position with 

muscle contraction and relaxation and with changes in the microcirculation. This effect 

met our expectations, since in our second series of experiment, as a preliminary study, we 

aimed to create a completely continent ileostomy by suturing the pyloric sphincter as a 

constricting force around the efferent loop of the ileal reservoir and thus providing con-

stant continence, which could then be intentionally opened by controlled pharmacologi-

cal relaxation of the pedicled pyloric ring. Despite its name, the continent ileostomies we 

create these days are not completely continent. Kock pouch is an appropriate surgical ap-

proach today for selected patients, who are not candidates for ileal pouch anal anastomo-

sis. However, the technique of pouch construction, especially of the valve is complex and 

is associated with a high incidence of complications and reoperation [6, 18]. In order to 

eliminate the valve-related problems, in our experiment we replaced the valve itself with a 

pyloric sphincter based on the left gastroepiploic artery. In case that the left and right 

GEA do not form an arcade (30% of the cases), the pyloric ring could be based on the 

right GEA as well. In these cases the arterial pedicle will be shorter, but with appropriate 
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planning of the ileostomy site, the operation can be technically feasible. The diameter of 

the pyloric ring could be calibrated to the diameter of the bowel, with care taken to avoid 

ischaemization of the intestine. The operation was technically feasible, and at reoperation 

on the second postoperative day, we found that the pyloric ring was viable and caused no 

ischaemia on the bowel. An ileostomy of this kind could offer patients constant conti-

nency without facing the valve related complications of the S-pouch. Normally, anal rest-

ing tone varies from 40 to 70 mmHg [19]. With adequate intraoperative calibration, these 

pressure values could be reached with the transferred pyloric sphincter. It is indisputable 

that this technique will not allow the pouch either to drain itself deliberately and patients 

will have to intubate their reservoirs for evacuation in the future too, but avoiding comp-

lications related to valve dysfunction could be considered as an advantage. 
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CHAPTER 3 

PROGNOSTIC ROLE OF HPV INFECTION  

IN ESOPHAGEAL SQUAMOUS CELL CARCINOMA 

3.1 INTRODUCTION 

Esophageal cancer is the eighth most common malignant tumor and the sixth leading 

cause of cancer mortality worldwide, with approximately 500,000 new cases diagnosed 

and an estimated 406,000 deaths each year [1]. Esophageal cancer has a poor prognosis 

with a 5-year survival rate around 15–20%, mainly due to the absence of early symptoms 

and therefore late stage diagnosis [2]. Despite increasing rates of esophageal adenocarci-

noma in many western countries, esophageal squamous cell carcinoma (ESCC) remains 

the dominant histological type of esophageal cancer globally. The incidence of squamous 

cell carcinoma of the esophagus varies considerably from place to place, suggesting an 

important role of environmental factors in its etiology [3]. The main risk factors involved 

in the etiology of the disease are well established, including alcohol and tobacco con-

sumption and low socioeconomic status. The hypothesis that HPV could potentially be 

involved in the pathogenesis of esophageal malignancies was first proposed by Syrjänen et 

al. in 1982 [4]. Since then, the connection between HPV infection and esophageal squa-

mous cell carcinoma has been widely studied. Several systematic reviews and meta-

analyses have been published recently that observed a close association between HPV 

infection and the incidence of ESCC [5, 6, 7, 8]. However, the presumed underlying on-

cogenic mechanisms of HPV-induced esophageal squamous cell carcinoma are poorly 

understood, and until now, the International Agency on Research on Cancer has not 

made a definite statement on the potential etiologic relationship between HPV and 

ESCC.  

The impact of HPV infection on response to the oncological treatment and survival is 

not fully elucidated yet. In locally advanced esophageal cancer neoadjuvant chemoradio-

therapy (CRT) can downsize the primary lesion, decrease the potential for metastasis, 

increase the resectability rate and consequently improve long-term survival [9, 10]. It is 
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well known, that patients with locally advanced esophageal cancer respond differently to 

neoadjuvant therapy, due to unexplained factors. In a previous study we found that with 

neoadjuvant CRT complete pathological response was achieved in 17% of patients and, 

partial response in approximately the half, while in 16% of the cases stable disease and in 

15% progression was observed [11]. Significant improvement in long-term survival can 

only be expected in patients who have complete pathological response, emphasizing the 

need for finding prognostic markers that can distinguish between the responder and non-

responder group, and consequently save non-responder patients from unnecessary over-

treatment with cytostatics. So far no clinically relevant markers have been found that 

could predict the response to preoperative therapy. Expression levels of stress-inducible 

heat shock proteins (Hsp) are well-known to be altered during malignant transformation, 

either increasing or decreasing [12], and studies have also shown that the expression of 

heat shock proteins is closely related to the prognosis of carcinomas [13, 14]. However, 

limited and inconsistent reports exist on the relationship between Hsp expression and 

response to neoadjuvant chemoradiotherapy in ESCC patients. Furthermore, to our 

knowledge, there have been no studies investigating the association between HPV infec-

tion and heat shock protein expression patterns in ESCC patients. Similarly, growth 

hormone-releasing hormone receptors (GHRH-R) have been found in a variety of tu-

moral tissues and cell lines and their expression levels proved to be an independent pre-

dictor of patient prognosis [15].  

The present study aimed to evaluate the effect of tumor HPV status on the prognosis 

and response to CRT in patients with ESCC. It was also our goal to investigate the corre-

lation between the expressions of Hsp-s (90, 27, 16.2), GHRH-R and response to therapy 

and overall survival. 

3.2 PATIENTS AND METHODS 

3.2.1 Patients 

A retrospective histological examination of pre-treatment tumor tissue samples from 

patients with locally advanced esophageal squamous cell carcinoma was carried out. All 

patients received chemoradiotherapy at the Department of Oncotherapy, Clinical Center, 
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University of Pécs, Hungary, between 2006 and 2016. Following oncological treatment, 

patients either underwent surgery or continued chemoradiotherapy. Inclusion criteria 

required that all examinations and treatments of the patients had to be carried out in the 

Clinical Center of the University of Pécs. 80 patients were originally enrolled in the 

study, 6 patients were subsequently excluded for different reasons, leaving us with 74 va-

lid patients. 65 of the 74 patients were active smokers. Regarding sex ratio a high male 

dominance was observed (58 males:16 females). 12 patients had upper third, 41 patients 

had middle third and 21 patients had lower third esophageal tumor. All patients had 

squamous cell cancer, with stages cT3-4, cN0-2, cM0-1. The staging procedure included 

endoscopy, endoscopic ultrasound, chest X-ray, computed tomography (CT) and bron-

choscopy with brush cytology. As oncological treatment, patients received CT planned 

external-beam radiotherapy (180 cGy daily for 5 days weekly up to 39.6–45 Gy) and con-

comitant chemotherapy during the first week of irradiation: cisplatin (60–100 mg/m
2

) on 

day 1, 5-fluorouracil (750–1000 mg/m
2

/day) and Ca-folinat (20 mg/m
2

/day) infusions on 

days 1–5. After a six-week-long treatment-free period, restaging was carried out accord-

ing to the Response Evaluation Criteria in Solid Tumors (RECIST) [16]. In order to sim-

plify the evaluation of the results, patients were divided into two groups: responders in-

cluding patients who showed complete or partial response and non-responders including 

patients where either stable disease or disease progression were observed.  

3.2.2 HPV detection 

Sections from the pre-treatment tumor tissue samples were fixed in formalin and em-

bedded in paraffin. The presence of HPV was detected by chromogenic in situ hybridiza-

tion (CISH) using ZytoFast PLUS Implementation Kits. Briefly, this system detects 

HPV types 6, 11, 16, 18, 31, 33, 35, 45, 51 and 82 using Digoxigenin-labeled probes which 

are detected using primary antibodies. These antibodies are then detected by polymerized 

enzyme-conjugated secondary antibodies. The enzymatic reaction of chromogenic sub-

strates leads to the formation of strong color precipitates that can be visualized by light 

microscopy. 

Tissue samples that were positive for HPV by CISH were subsequently genotyped us-

ing the Linear Array HPV Genotyping Test (Cat. No: 04391853190, Roche Diagnostics, 
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Mannheim, Germany) according to the accredited molecular biological routine method in 

the Molecular Genetic Laboratory of the Department of Laboratory Medicine, University 

of Pécs (accreditation number: NAH molecular biology diagnostics L7-1 MLMB01, 

Roche Linear Array HPV Genotyping Test). This test can simultaneously detect up to 37 

different HPV genotypes in one sample. 

3.2.3 Immunohistochemical staining for  

Hsp 90, 27 and 16.2 and GHRH-R 

Immunohistochemical reactions were carried out by LEICA BOND automated stain-

ing machines, using polyclonal rabbit antibodies directed against the human Hsp 90, 27, 

16.2 and GHRH-R. The formalin-fixed, paraffin-embedded tumor biopsies were sliced 

into 4 µm thick sections and dried in a 56 C thermostat for 2 hours. The tissue sections 

were deparaffinized with Bond Dewax Solution, for 8 minutes. Antigen retrieval was car-

ried out with a Bond Epitope Retrieval Solution for 20 minutes, at 97 C and pH 6.00. The 

conditions were identical for each of the 4 antibodies. The specimens were then incubated 

with the primary antibodies at 42 C, for 15 minutes, according to the following dilutions: 

Hsp 90 – 1:100; Hsp 27 – 1:4000; Hsp 16.2 – 1:1000; GHRH-R: 1:50. The sections were 

then incubated with the secondary antibodies at 42 C, for 10 min, without dilution and 

they were counterstained with hematoxylin and eosin. The immunoreactions were visual-

ized by Bond Polymer Refine Detection. The tissue sections were dehydrated through an 

ascending series of alcohol, then covered in xylene and Pertox.  

The immunostaining was interpreted by our pathologist blindly, without knowledge of 

the treatment response rate of the patients. The presence of cytoplasmic staining with or 

without nuclear staining was required to assign the positivity for heat shock proteins and 

GHRH-R. Staining intensity was sorted into three categories: 1. samples that showed 

homogenous strong expression of the antigens 2. samples that showed heterogenous 

staining pattern with typically weaker staining intensity 3. samples that showed no stain-

ing at all. For easier evaluation these categories were then simplified into two classes: 

high-intensity (1) and low-intensity (2+3) samples. 
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3.2.4 Statistical analysis 

Finally, the correlations between the HPV status and response, and between the HPV 

status and the different biomarkers were established with the Chi-Square test. Survival 

rates of the HPV positive and negative groups were estimated using the Kaplan-Meier 

method, and compared with the log-rank test. A p-value<0.05 was considered significant 

for the comparison. For the statistical analysis the IBM SPSS Statistics v23 software pack-

age was used.  

3.3 RESULTS 

3.3.1 Clinical and patient data 

Of the 74 patients participating in the study, 22 patients (30%) received neoadjuvant 

CRT and 52 patients (70%) received definitive CRT due to their general condition and/or 

advanced stage of the disease. 38 patients (51%) responded well to therapy. Ultimately, 

14 out of the 22 patients, who had neoadjuvant CRT, underwent surgical resection. Rea-

sons for not having surgery included: not responding well to CRT (5 patients), refusing 

to consent to surgery (2 patient) and death (1 patient). 14 (19%) of the 74 ESCC patients 

were found to be HPV positive with CISH (Figure 18). 

 

 

Figure 18. HPV positivity determined with CISH 

 

Regarding the distribution of the sexes and locations of the tumors, in the HPV posi-

tive group we found a male:female ratio of 8:6, where 4 patients had upper third,  
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6 patients had middle third and 4 patients had lower third esophageal tumor, while in the 

HPV negative group the male:female ratio was 5:1, and among them 8 patients had upper 

third, 35 had middle third and 17 had lower esophageal tumor. Baseline characteristics of 

HPV-positive and HPV-negative patients are shown in Table 4. 

Table 4. Characteristics of HPV negative versus HPV positive patients 

Variable HPV negative  HPV positive 

(n=60) no. (%) (n=14) no. (%) 

Age at diagnosis ≤ 60 29 (48.3%)  4 (28.6%) 

 >60 31 (51.7%)  10 (71.4%) 

Gender Female 10 (16.7%)  6 (42.9%) 

 Male 50 (83.3%)  8 (57.1%) 

Tumor location Upper third 8 (13.3%)  4 (28.6%) 

 Middle third 35 (58.3%)  6 (42.8%) 

 Lower third 17 (28.4%)  4 (28.6%) 

Clinical T stage cT3 26 (43.3%)  8 (57.1%) 

 cT4 34 (56.7%)  6 (42.9%) 

Clinical N stage cN0 6 (10.0%)  4 (28.6%) 

 cN1–2 54 (90.0%)  10 (71.4%) 

Clinical M stage cM0 49 (81.7%)  14 (100.0%) 

 cM1 11 (18.3%)  0 (0.0%) 

 

We also aimed to detect HPV DNA sequence in our positive cases to examine the dis-

tribution of HPV genotypes. Unfortunately, repeated linear array tests failed to give re-

sults for proper laboratory evaluation. This might be due to overfixation of the small tis-

sue samples in formaldehyde, which resulted in the damage and degradation of the DNA.  

3.3.2 Effects of HPV status on response to therapy and prognosis 

Comparing the HPV status and the clinical response to CRT, we found that HPV po-

sitivity was associated with a higher rate of non-responder patients (71.4% non-

responders vs. 28.6% responders), however, this difference was not significant (Chi-

Square p=0.058) (Table 5).  
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Table 5. The effect of HPV status on response to CRT 

  Clinical Downstaging (n=74) p value 

  Responder Non-responder  

 

HPV 

negative 34 (56.7%) 26 (43.3%)  

p=0.058 

 positive 4 (28.6%) 10 (71.4%) 

 

Similarly, the overall survival of HPV-positive patients was shorter compared to HPV-

negative patients (mean survival of 8 months vs. 11 months and median survival of 6 

months vs. 7 months), but this difference was also not significant (log-rank p=0.898) 

(Figure 19).  

 

Figure 19. The effect of HPV status on overall survival  

demonstrated with Kaplan-Meier curve. 

3.3.3 Relationship between HPV status and expressions 

of Hsp 16.2, 27, 90 and GHRH-R 

Significantly more HPV positive tumors expressed Hsp 90 and 16.2 at high intensities 

than at low intensities (Chi-Square p=0.019 and p=0.031). On the other hand, there was 

a near-equal distribution of low and high intensity Hsp staining in HPV negative tumors. 
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No significant correlation could be observed between the Hsp 27 and GHRH-R expres-

sion patterns and HPV positivity (Table 6). 

Table 6. The relationship between HPV status and expressions of Hsp 16.2, 27, 90 and GHRH-R 

Molecular Marker HPV status (n=74) p value 

negative positive  

 

Hsp 16.2 

low intensity 32 (53.3%) 3 (21.4%)  

p=0.031 

 high intensity 28 (46.7%) 11 (78.6%)  

 

Hsp 27 

low intensity 30 (50.0%) 6 (42.9%)  

p=0.630 

 high intensity 30 (50.0%) 8 (57.1%)  

 

Hsp 90 

low intensity 24 (40.0%) 1 (7.1%)  

p=0.019 

 high intensity 36 (60.0%) 13 (92.9%)  

 

GHRH-R 

low intensity 42 (70.0%) 8 (57.1%)  

p=0.355 

 high intensity 18 (30.0%) 6 (42.9%)  

3.3.4 The effects of Hsp expression on response to therapy 

Among non-responders, there were significantly more tumors, which expressed Hsp 

90 and 16.2 at high levels (Chi-Square p<0.001 and p<0.01). This tendency was also ap-

parent in the expression levels of Hsp 27, but the difference was not significant (Table 7). 

We also found that patients with tumors that expressed Hsp-s at high levels had a signifi-

cantly shorter overall survival, than patients with tumors that stained low for Hsp-s. 

(Figures 20 and 21). 
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Table 7. The effects of Hsp expression on response to CRT 

Molecular Marker Clinical Downstaging (n=74) p value 

Responder Non-Responder  

 

Hsp 16.2 

low intensity 29 (82.9%) 6 (17.1%)  

p<0.01  

 high intensity 9 (23.1%) 30 (76.9%)  

 

Hsp 27 

low intensity 22 (61.1%) 14 (38.9%)  

p=0.102 

 high intensity 16 (42.1%) 22 (57.9%)  

 

Hsp 90 

low intensity 21 (84.0%) 4 (16.0%)  

p<0.001  

 high intensity 17 (34.7%) 32 (65.3%)  

 

 

Figure 20. The effect of Hsp 90 expression on overall survival is demonstrated using Kaplan-

Meier curve and the level of significance is determined using the log-rank test. Probability (p) 

values <0.05 are considered statistically significant. p<0.001. 
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Figure 21. The effect of 16.2 expression on overall survival is demonstrated using Kaplan-Meier 

curves and the level of significance is determined using the log-rank test. Probability (p) values 

<0.05 are considered statistically significant. p<0.001. 

3.4 DISCUSSION 

In recent years, a large number of studies have investigated human papillomavirus in-

fection in esophageal squamous cell carcinoma, with largely inconclusive results [5, 6, 7, 

8]. The detection rates of HPV-ESCC show high variability worldwide. There are large 

geographic differences in the overall incidence of ESCC, with high-incidence countries 

within the ‘Asian esophageal cancer belt’ reporting up to one-hundred-fold higher rates 

of ESCC compared to low-incidence countries, such as the United States, Europe or Aus-

tralia [17]. In high-ESCC-incidence countries, the HPV detection rate in tumor tissues is 

also significantly higher compared to low-ESCC-incidence countries (32.8-63.6% in  

China vs. 8.7–16.6% in North America) [18]. In our study, among the Hungarian popula-

tion, the rate of HPV positivity in ESCC patients corresponded to that of the low risk 

countries. Namely, 14 (19%) out of the 74 patients were confirmed to be HPV positive 

by CISH. The prognostic value of HPV status has previously been investigated in pa-

tients with ESCC [19, 20, 21]. The first meta-analysis investigating overall survival in 

HPV-related esophageal cancer was published in 2016, and showed no significant associa-
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tion between HPV infection and survival [22]. The controversial results of the included 

studies are in contrast to oropharyngeal lesions, where HPV-positivity has been consis-

tently shown to be a strong positive prognostic factor in patient outcomes [23, 24]. A 

potential correlation between HPV infection and response to neoadjuvant treatment in 

patients with ESSC has also been the subject of ongoing debate. Several studies demon-

strated that HPV-positive cervical cancer patients had significantly better clinical res-

ponse to oncological treatment and survived significantly longer than HPV negative pa-

tients [25, 26]. Therefore, HPV can be considered an independent prognostic parameter 

for radiosensitivity and survival in patients with cervical cancer. HPV infection in esopha-

geal cancer as a possible predictive factor before neoadjuvant therapy has been studied 

before [27, 28]. Bognár et al. and Wang et al. found a correlation between HPV infection 

and response to CRT. They both reported that HPV positive patients responded better to 

CRT and had a significantly more favorable survival compared to the HPV negative 

group; however, due to the relatively low number of patients involved, far-reaching con-

clusions could not be drawn. In our study, we found an opposite result, namely that the 

HPV-positive group responded worse to CRT and had worse overall survival than the 

HPV-negative group. Therefore, in our study, HPV positivity was a negative prognostic 

factor in relation to multimodal therapy and to overall survival, though the differences 

were not significant. In our study we also examined the anti-apoptotic Hsp 90, 27 and 

16.2 expression patterns in the pre-treatment tumor biopsies. Heat shock proteins are 

induced in response to a wide variety of physiological and environmental insults, thus 

allowing cells to survive lethal conditions based on their cytoprotective functions. Associ-

ated with key apoptotic factors, they are powerful anti-apoptotic proteins, having the ca-

pacity to block cell death process at different levels. Hsp overexpression signals a poor 

prognosis in terms of survival and response to therapy in specific cancer types [29, 30]. In 

a previous study, we examined the Hsp 90 and 16.2 expression of esophageal tumor speci-

mens prior to CRT, in search of possible predictive biomarkers of response to multimo-

dal therapy [31]. We found that the tumor samples from the patients with no clinical res-

ponse contained approximately double the level of Hsp 90 and 16.2, significantly higher 

than the responding tumors. In the present study, we examined whether HPV infection, 

as an environmental insult, influences the Hsp expression pattern of ESCC patients. We 
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found elevated Hsp 90 and 16.2 expression levels in the HPV-positive tumor samples 

compared to the HPV-negative ones. As expected, increased levels of Hsp 90 and 16.2 

expression, were associated with significantly poorer response to CRT and worse overall 

survival. It is unclear why HPV positivity in ESCC patients proves to be a negative prog-

nostic marker in certain regions of the world, while in others it is a positive prognostic 

marker. In head and neck tumors, the development of cancer is attributed to different 

oncogene mechanisms in patients with HPV positive tumors and in those who don’t carry 

the virus but have a dominant history of alcohol and tobacco consumption [32]. The bi-

ology of HPV-positive oropharyngeal cancer is characterized by p53 degradation, reti-

noblastoma Rb pathway inactivation, and p16 upregulation, while, by contrast, tobacco-

related oropharyngeal cancer is characterized by TP53 mutation and downregulation of 

CDKN2A (encoding p16) [33]. It is also well known that HPV-positive oropharyngeal 

cancers seem to be more responsive to chemotherapy and radiation than HPV-negative 

tumors. In line with these findings, we have set up a hypothesis, which could explain why 

HPV-positive esophageal squamous cell cancers respond differently to multimodal thera-

py. In regions where the HPV detection rate in esophageal tumors is high, a positive cor-

relation can be observed between HPV positivity and response to treatment. We presume 

that in these cases the viral infection plays a role in the cancerogenesis itself, while in the 

low-risk regions, the development of cancer is attributed to other factors, such as poor 

socioeconomic environment, excessive alcohol and tobacco consumption, and HPV only 

superinfects the esophagus. The evaluation of p16 expression, a surrogate biomarker for 

HPV infection, is also of importance regarding prognosis of ESCC. Expression of p16 in 

ESCC means an active HPV infection in tumor cells and has been shown to correlate 

with higher rate of pathologic complete remission in patients undergoing neoadjuvant 

chemotherapy [34], compared with p16 negative individuals, who carry HPV DNA. We 

presume that this may be attributed to that in p16 positive individuals the virus itself in-

duced the cancerogenesis, while in p16 negative cases that were HPV DNA positive, 

HPV means only a superinfection of the tumorous cells. This superinfection, as an envi-

ronmental insult, could lead to an increased expression of heat shock proteins, and as a 

consequence these tumors respond worse to anticancer treatments. This hypothesis 

brings up an unanswered issue of the current understanding of the epidemiology and bi-
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ology of HPV-associated esophageal squamous cell carcinoma. Evaluation of p16 expres-

sion besides HPV DNA status would be thus imperative in pre-treatment ESCC samples 

to differentiate between an active and a passenger HPV infection and consequent, poten-

tially different prognosis. Unfortunately, in our study analysis of p16 expression could 

not be undertaken due to the degradation of the tissue samples, leading to major limita-

tion of our study. As such, to confirm this hypothesis further studies are needed. 

Today, the Advisory Committee on Immunization Practices (ACIP) recommends 

routine HPV vaccination for females and males at age 11 or 12 years, to prevent infection 

with HPV types that are associated with certain cancers, including cervical, vaginal, vul-

var, anal, throat and penile cancers [35]. The recommendation doesn’t comprise the pre-

vention of HPV-associated esophageal cancers, however, growing literature demonstrates 

that the virus is involved in the development of esophageal squamous cell carcinoma or 

may worsen the prognosis. In our opinion, extension of the indications of prophylactic 

immunization is imperative. 

Growth hormone-releasing hormone (GHRH) is a peptide hormone secreted by the 

hypothalamus, but it is also present in various tissues and tumors, stimulating the secre-

tion of growth hormone (GH) after binding to pituitary-type GHRH receptors 

(GHRH-R) on the anterior pituitary. GH stimulates the production of the insulin-like 

growth factor I (IGF-I), which plays a major role in malignant transformation, metastasis 

and tumorigenesis in various cancers [36]. The presence of GHRH-R and its splice vari-

ants, on different types of cancer cell lines has been demonstrated [37-39]. In our study, 

we found association neither between GHRH-R expression and the HPV status, nor bet-

ween GHRH-R expression and response to treatment. 

In conclusion, the present study found that one-fifth of the patients with ESCC 

proved to have HPV-positive tumors in Hungary’s Southwestern region. HPV positivity 

was accompanied by significantly increased expressions of Hsp 90 and 16.2. HPV-positive 

cases and cases expressing high intensity Hsp 90 and 16.2 levels showed a significantly 

poorer response to oncological treatment and worse overall survival. We admit the limita-

tions of our study. Given the limited sample size, the results of this report should be in-

terpreted with caution. To confirm the significance of our observation further larger scale 

studies are needed. 



BIBLIOGRAPHY 55 

BIBLIOGRAPHY 

CHAPTER 1 

1 Dent J, El-Serag HB, Wallander MA, Johansson S. Epidemiology of gastro-

oesophageal reflux disease: a systematic review. Gut. 2005 May; 54(5): 710–7. 

2 Locke GR, Talley NJ, Fett SL, Zinsmeister AR, Melton LJ. Prevalence and clinical 

spectrum of gastroesophageal reflux: a population-based study in Olmsted County, 

Minnesota. Gastroenterology. 1997 May; 112(5): 1448–56. 

3 Eisen G. The epidemiology of gastroesophageal reflux disease: what we know and 

what we need to know. Am J Gastroenterol. 2001 Aug; 96(8): 16–8. 

4 Joish VN, Donaldson G, Stockdale W, Oderda GM, Crawley J, Sasane R, Joshua-

Gotlib S, Brixner DI. The economic impact of GERD and PUD: examination of di-

rect and indirect costs using a large integrated employer claims database. Curr Med 

Res Opin. 2005 Apr; 21(4): 535–44. 

5 Menezes MA, Herbella FAM. Pathophysiology of gastroesophageal reflux disease. 

World J Surg. 2017 Jul; 41(7): 1666–1671. 

6 Nicholas E. Diamant. Pathophysiology of gastroesophageal reflux disease. GI Mo-

tility online (2006) doi:10.1038/gimo21. 2006 May 16. 

7 Kang JW, Lee SM. Protective effects of chlorogenic acid against experimental reflux 

esophagitis in rats. Biomol Ther (Seoul). 2014 Sep; 22(5):420-425.  

8 Klauser AG, Schindlbeck NE, Müller-Lissner SA. Symptoms in gastro-oesophageal 

reflux disease. Lancet. 1990 Jan 27; 335(8683): 205–8. 

9 Hom C, Vaezi MF. Extraesophageal manifestations of gastroesophageal reflux  

disease. Gastroenterol Clin North Am. 2013 Mar; 42(1): 71–91. 

10 Chen X, Yang CS. Carcinogenesis. Esophageal adenocarcinoma: a review and per-

spectives on the mechanism of carcinogenesis and chemoprevention. 2001 Aug; 

22(8): 1119–29.  

11 Fass R, Sifrim D. Management of heartburn not responding to proton pump inhibi-

tors. Gut. 2009 Feb; 58(2): 295–309.  



BIBLIOGRAPHY 56 

12 Zerbib F, Sifrim D, Tutuian R, Attwood S, Lundell L. Modern medical and surgical 

management of difficult-to-treat GORD. United European Gastroenterol J. 2013 

Feb; 1(1): 21–31.  

13 Malfertheiner P, Hallerbäck B. Clinical manifestations and complications of  

gastroesophageal reflux disease (GERD). Int J Clin Pract. 2005 Mar; 59(3): 346–55. 

14 Rosztóczy A, Makk L, Izbéki F, Róka R, Somfay A, Wittmann T. Asthma and  

gastroesophageal reflux: clinical evaluation of esophago-bronchial reflex and proxi-

mal reflux. Digestion. 2008; 77(3–4): 218–24. 

15 Dua K, Surapaneni SN, Kuribayashi S, Hafeezullah M, Shaker R. Protective role of 

aerodigestive reflexes against aspiration: study on subjects with impaired and pre-

served reflexes. Gastroenterology. 2011 Jun; 140(7): 1927–33.  

16 Jovov B, Van Itallie CM, Shaheen NJ et al. Claudin-18: a dominant tight junction 

protein in Barrett’s esophagus and likely contributor to its acid resistance. Am J 

Physiol Gastrointest Liver Physiol. 2007 Dec; 293(6): G1106-13. Epub 2007 Oct 11.  

17 Varga G, Kiraly A, Cseke L, et al. Effect of laparoscopic fundoplication on hyper-

tensive lower esophageal sphincter associated with gastroesophageal reflux. J Gas-

trointest Surg. 2008 Feb; 12(2): 304–7. Epub 2007 Nov 6.  

18 Marshall JB, Kretschmar JM, Diaz-Arias AA. Gastroesophageal reflux as a patho-

genic factor in the development of symptomatic lower esophageal rings. Arch In-

tern Med. 1990 Aug; 150(8): 1669–72.  

19 Sasaki CT, Ross DA, Hundal J. Association between Zenker diverticulum and  

gastroesophageal reflux disease: development of a working hypothesis. Am J Med. 

2003 Aug 18; 115(Suppl 3A): 169–171.  

20 Chiba N, De Gara CJ, Wilkinson JM, Hunt RH. Speed of healing and symptom 

relief in grade II to IV gastroesophageal reflux disease: a meta-analysis. Gastroen-

terology. 1997 Jun; 112(6): 1798–810. 

21 Raul B, Dawn F. Diagnosis and treatment of gastroesophageal reflux disease. World 

J Gastrointest Pharmacol Ther. 2014 Aug 6; 5(3): 105–112. 

22 Rickenbacher N, Kötter T, Kochen MM, Scherer M, Blozik E. Fundoplication ver-

sus medical management of gastroesophageal reflux disease: systematic review and 

meta-analysis. Surg Endosc. 2014 Jan; 28(1): 143–55. 



BIBLIOGRAPHY 57 

23 Spechler SJ, Lee E, Ahnen D, et al. Long-term outcome of medical and surgical the-

rapies for gastroesophageal reflux disease: follow-up of a randomized controlled tri-

al. JAMA. 2001 May 9;285(18):2331-8. 

24 Dominitz JA, Dire CA, Billingsley KG, Todd-Stenberg JA. Complications and anti-

reflux medication use after antireflux surgery. Clin Gastroenterol Hepatol. 2006 

Mar; 4(3): 299–305. 

25 Horváth ÖP, Varga G, Biró Z, Papp A, Bognár L, Vereczkei A. Complications and 

reoperations following laparoscopic antireflux surgery. Magy Seb. 2016 Sep; 69(3): 

91–9. 

26 Bognár L, Horváth ÖP, Solt J, Jancsó G, Vereczkei A. Laparoszkópos hiatus hernia 

rekonstrukciót követő intraoesophagealis hálómigráció. Magy Seb. 2015 Aug; 68(4): 

176–80. 

27 Gockel I, Lord RV, Bremner CG, Crookes PF, Hamrah P, DeMeester TR. The hy-

pertensive lower esophageal sphincter: a motility disorder with manometric features 

of outflow obstruction. J Gastrointest Surg. 2003; 7: 692–700.  

28 Lamb PJ, Myers JC, Thompson SK, Jamieson GG. Laparoscopic fundoplication in 

patients with a hypertensive lower esophageal sphincter. J Gastrointest Surg. 2009 

Jan; 13(1): 61–5. Epub 2008 Sep 7.  

29 Tamhankar AP, Almogy G, Arain MA et al. Surgical management of hypertensive 

lower esophageal sphincter with dysphagia or chest pain. J Gastrointest Surg. 2003 

Dec; 7(8): 990–6; discussion 996. 

30 Katzka DA, Sidhu M, Castell DO. Hypertensive lower esophageal sphincter pres-

sures and gastroesophageal reflux: an apparent paradox that is not unusual. Am J 

Gastroenterol. 1995 Feb; 90(2): 280–4.  

31 Smart HL, Mayberry JF, Atkinson M. Achalasia following gastro-oesophageal  

reflux. J R Soc Med. 1986; 79: 71–73. 

32 Shoenut JP, Micflikier AB, Yaffe CS, Den Boer B, Teskey JM. Reflux in untreated 

achalasia patients. J Clin Gastroenterol. 1995; 20: 6–11.  

33 Bognar L, Vereczkei A, Horvath OP. Gastroesophageal Reflux disease could prog-

ress to achalasia. J Neurogastroenterol Motil. 2017 Oct 30; 23(4): 618. 



BIBLIOGRAPHY 58 

34 Robson K, Rosenberg S, Lembo T. GERD progressing to diffuse esophageal spasm 

and then to achalasia. Dig Dis Sci. 2000; 45: 110–3.  

35 Altorjay A, Szilagyi A, Arato G, et al. Morphological changes in the lower esopha-

geal sphincter influencing the result of antireflux surgical interventions in chronic 

gastroesophageal reflux disease. Hepatogastroenterology. 2006; 53: 342–7.  

36 Altorjay A, Juhasz A, Kellner V, Sohar G, Fekete M, Sohar I. Metabolic changes in 

the lower esophageal sphincter influencing the result of antireflux surgical interven-

tions in chronic gastroesophageal reflux disease. World J Gastroenterol. 2005; 11: 

1623–28.  

37 Anderson SH, Yadegarfar G, Arastu MH, Anggiansah R, Anggiansah A. The rela-

tionship between gastro-oesophageal reflux symptoms and achalasia. Eur J Gastro-

enterol Hepatol. 2006 Apr; 18(4): 369–74.  

38 Crookes PF, Corkill S, DeMeester TR. Gastroesophageal reflux in achalasia. When 

is reflux really reflux? Dig Dis Sci. 1997 Jul; 42(7): 1354–61.  

39 Hirano I, Tatum RP, Shi G, Sang Q, Joehl RJ, Kahrilas PJ. Manometric hetero-

geneity in patients with idiopathic achalasia. Gastroenterology. 2001 Mar; 120(4): 

789–98.  

40 Guo JP, Gilman PB, Thomas RM, Fisher RS, Parkman HP. Barrett’s esophagus and 

achalasia. J Clin Gastroenterol. 2002 Apr; 34(4): 439–43.  

41 Kotidis KN, Rogers ML, Knowles KR, Beggs FD. Coexisting achalasia and paraoe-

sophageal hiatal hernia. Eur J Cardiothorac Surg. 2002; 21: 130–132.  

42 Khan AA, Shah SW, Khan MA, Alam A, Butt AK, Shafqat F. Hiatal hernia in acha-

lasia. J Pak Med Assoc. 1998 Jul; 48(7): 196–7.  

43 Moses PL, Ellis LM, Anees MR, Ho W, Rothstein RI, Meddings JB, Sharkey KA, 

Mawe GM. Antineuronal antibodies in idiopathic achalasia and gastro-oesophageal 

reflux disease. Gut. 2003;52: 629–636. 

44 Fisichella PM, Raz D, Palazzo F, Niponmick I, Patti MG. Clinical, radiological, and 

manometric profile in 145 patients with untreated achalasia. World J Surg. 

2008;32(9):1974–1979. 

45 Spechler SJ, Souza RF, Rosenberg SJ, Ruben RA, Goyal RK. Heartburn in patients 

with achalasia. Gut. 1995;37:305–308. 



BIBLIOGRAPHY 59 

46 Achem SR, Gerson LB. Distal esophageal spasm: an update. Curr Gastroenterol 

Rep. 2013 Sep; 15(9): 325.  

47 Osgood HA. A peculiar form of esophagismus. Boston Medical Surg 1889; 120: 

401. 

48 Creamer B, Donoghue E, Code CF. Pattern of esophageal motility in diffuse spasm. 

Gastroenterology. 1958 May; 34(5): 782–96. 

49 Konturek JW, Gillessen A, Domschke W. Diffuse esophageal spasm: a malfunction 

that involves nitric oxide? Scand J Gastroenterol. 1995 Nov; 30(11): 1041–5. 

50 Charles IS, Thomas RH. Esophageal motor abnormalities included by acid perfu-

sion in patients with heartburn. J Clin Invest. 1963 May; 42(5): 686–695. 

51 Almansa C, Heckman MG, DeVault KR, Bouras E, Achem SR. Esophageal spasm: 

demographic, clinical, radiographic, and manometric features in 108 patients. Dis 

Esophagus. 2012 Apr; 25(3): 214–21. 

52 Herbella FA, Raz DJ, Nipomnick I, Patti MG. Primary versus secondary esophageal 

motility disorders: diagnosis and implications for treatment. J Laparoendosc Adv 

Surg Tech A. 2009 Apr; 19(2): 195–8. 

53 Zaragona A, Thomas-Ridocci M, Anon R, Mínguez M, Benages A. Continuous 

monitoring of the upper esophageal sphincter with the Dent device, during acid per-

fusion or distension with balloon of the esophageal body. Rev Esp Enferm Dig. 

1992 Apr; 81(4): 229–34. Spanish.  

54 Gerhardt DC, Shuck TJ, Bordeaux RA, Winship DH. Human upper esophageal 

sphincter: response to volume, osmotic, and acid stimuli. Gastroenterology. 1978; 

75: 268–274.  

55 Tokashiki R, Funato N, Suzuki M. Globus sensation and increased upper esophage-

al sphincter pressure with distal esophageal acid perfusion. Eur Arch Otorhino-

laryngol. 2010 May; 267(5): 737–41. Epub 2009 Nov 1. 

56 Morales-Divo C, Jecker P, Lippert B, et al. HNO. Extraesophageal reflux in patients 

suffering from Zenker’s diverticulum. 2007 Jul; 55(7): 546–50. German. 

57 Horvath KD, Swanstrom LL, Jobe BA. The short esophagus: pathophysiology,  

incidence, presentation, and treatment in the era of laparoscopic antireflux surgery. 

Ann Surg. 2000 Nov; 232(5): 630–40. 



BIBLIOGRAPHY 60 

58 Smith MS. Diagnosis and management of esophageal rings and webs. Gastroenterol 

Hepatol (NY). 2010 Nov; 6(11): 701–4.  

59 Ott DJ, Ledbetter MS, Chen MY, Koufman JA, Gelfand DW. Correlation of lower 

esophageal mucosal ring and 24-h pH monitoring of the esophagus. Am J Gastroen-

terol. 1996 Jan; 91(1): 61–4.  

60 Wills JC, Hilden K, Disario JA, Fang JC. A randomized, prospective trial of elec-

trosurgical incision followed by rabeprazole versus bougie dilation followed by ra-

beprazole of symptomatic esophageal (Schatzki’s) rings. Gastrointest Endosc. 2008 

May; 67(6): 808–13. Epub 2008 Mar 7.  

61 Groskreutz JL, Kim CH. Schatzki’s ring: long-term results following dilatation. 

Gastrointest Endosc. 1990; 36: 479–81.  

62 Eastridge CE, Pate JW, Mann JA. Lower esophageal ring: experiences in treatment 

of 88 patients. Ann Thorac Surg. 1984 Feb; 37(2): 103–7.  

63 Sgouros SN, Vlachogiannakos J, Karamanolis G, et al. Long-term acid suppressive 

therapy may prevent the relapse of lower esophageal (Schatzki’s) rings: a prospec-

tive, randomized, placebo-controlled study. Am J Gastroenterol. 2005 Sep; 100(9): 

1929–34.  

64 Mitre MC, Katzka DA, Brensinger CM, Lewis JD, Mitre RJ, Ginsberg GG. Schatzki 

ring and Barrett’s esophagus: do they occur together? Dig. Dis. Sci. 2004; 49, 770–

773.  

65 Fletcher J, Gillen D, Wirz A, McColl KE. Barrett’s esophagus evokes a quantitati-

vely and qualitatively altered response to both acid and hypertonic solutions. Am J 

Gastroenterol. 2003 Jul; 98(7): 1480–6. 

66 DeMeester TR, Peters JH, Bremner CG, Chandrasoma P. Biology of gastroesopha-

geal reflux disease: pathophysiology relating to medical and surgical treatment.  

Annu Rev Med. 1999; 50: 469–506.  

67 Fitzgerald RC, Omary MB, Triadafilopoulos G. Dynamic effects of acid on Bar-

rett’s esophagus. An ex vivo proliferation and differentiation model. J Clin Invest. 

1996 Nov 1; 98(9): 2120–8.  



BIBLIOGRAPHY 61 

68 Nancarrow DJ, Clouston AD, Smithers BM, et al. Whole genome expression array 

profling highlights differences in mucosal defense genes in Barrett’s esophagus and 

esophageal adenocarconima. PLoS One. 2011; 6(7): e22513.  

69 Rai A, Orlando R. Gastroesophageal reflux disease. Current Opinion in Gastroen-

terology: July 1998; 14: 326–33. 

70 Fennerty MB. The continuum of GERD complications. Cleve Clin J Med. 2003 

Nov; 70 (Suppl 5): 33–50. 

71 Hogan WJ, Dodds WJ. Gastroesophageal reflux disease (reflux esophagitis). In: 

Sleisenger MH, Fordtran JS (eds.). Gastrointestinal Disease, 4
th

 edn. Philadelphia: 

W.B. Saunders, 1989: 594–619. 

72 Bogdasarian RS, Olson NR. Posterior glottic laryngeal stenosis. Otolaryngol Head 

Neck Surg (1979). 1980 Nov–Dec; 88(6): 765–72. 

73 Koufman JA. The otolaryngologic manifestations of gastroesophageal reflux disease 

(GERD): a clinical investigation of 225 patients using ambulatory 24-hour pH mon-

itoring and an experimental investigation of the role of acid and pepsin in the devel-

opment of laryngeal injury. Laryngoscope. 1991 Apr; 101(4 Pt 2 Suppl 53): 1–78. 

74 Toohill RJ. Gastroesophageal reflux and laryngotracheal stenosis. Oper Techn Oto-

laryngol Head Neck Surg. 1998; 9: 172–174. 

75 Jindal JR, Milbrath MM, Shaker R, Hogan WJ, Toohill RJ. Gastroesophageal reflux 

disease as a likely cause of “idiopathic” subglottic stenosis. Ann Otol Rhinol Laryn-

gol. 1994 Mar; 103(3): 186–91. 

76 Blumin JH, Johnston N. Evidence of extraesophageal reflux in idiopathic subglottic 

stenosis. Laryngoscope. 2011 Jun; 121(6): 1266–73. 

77 Grillo HC, Mark EJ, Mathisen DJ, Wain JC. Idiopathic laryngotracheal stenosis and 

its management. Ann Thorac Surg. 1993;56:80-7. 

78 Bognar L, Vereczkei A, Papp A, Jancsó G, Horvath OP. Gastroesophageal reflux 

disease might induce certain – supposedly adaptive – changes in the esophagus: a 

hypothesis. Dig Dis Sci. 2018 Jul 11. 

79 Horváth ÖP, Bognár L, Papp A, Vereczkei A. Esophageal complications of gas-

troesophageal reflux disease: consequences or defensive reactions? Orv Hetil. 2017 

May; 158(20): 763–769. 

https://www.ncbi.nlm.nih.gov/pubmed/29995182


BIBLIOGRAPHY 62 

80 Vereczkei A, Bognar L, Papp A, Horváth OP. Achalasia following reflux disease: 

coincidence, consequence, or accommodation? An experience-based literature re-

view. Ther Clin Risk Manag. 29 Dec 2017; 14: 39–45. 

81 Bognar L, Horvath OP, Jancso G, Vereczkei A (2016). GERD: A debated back-

ground of achalasia. J Gastrointest Dig Syst 6:432. 

CHAPTER 2 

1 Chandra A, Kumar A, Noushif M, Gupta V, Singh D, Kumar M, Srivastava RN, 

Ghoshal UC. Perineal antropylorus transposition for end-stage fecal incontinence 

in humans: initial outcomes. Dis Colon Rectum. 2013 Mar; 56(3): 360–6. 

2 Chandra A, Ghoshal UC, Gupta V, Jauhari R, Srivastava RN, Misra A, Kumar A, 

Kumar M. Physiological and functional evaluation of the transposed human pylorus 

as a distal sphincter. J Neurogastroenterol Motil. 2012 Jul;18(3): 269–77.  

3 Birendra K S, Ming-Min C, Min Y, Zheng-Gang Z. Gastric cancer surgery: Billroth 

I or Billroth II for distal gastrectomy? BMC Cancer.2009; 9: 428. 

4 Kim CH, Song KY, Park CH, Seo YJ, Park SM, Kim JJ. A comparison of outcomes 

of three reconstruction methods after laparoscopic distal gastrectomy. J Gastric 

Cancer. 2015 Mar; 15(1): 46–52. 

5 Richter JE. Gastroesophageal reflux disease treatment: side effects and complica-

tions of fundoplication. Clin Gastroenterol Hepatol. 2013 May; 11(5): 465–71. 

6 Nessar G, Wu JS. Evolution of continent ileostomy. World J Gastroenterol. 2012 

Jul 21;18(27):3479-82. doi: 10.3748/wjg.v18.i27.3479. 

7 Buunen M, Rooijens PP, Smaal HJ, Kleinrensink GJ, van der Harst E, Tilanus HW, 

Lange JF. Vascular anatomy of the stomach related to gastric tube construction. Dis 

Esophagus. 2008; 21(3): 272–4. 

8 Hisayoshi Suma. Gastroepiploic artery graft in coronary artery bypass grafting.  

Ann Cardiothorac Surg. 2013 Jul; 2(4): 493–498. 



BIBLIOGRAPHY 63 

9 Salameh JR, Chock DA, Gonzalez JJ, Koneru S, Glass JL, Franklin ME Jr. Laparo-

scopic harvest of omental flaps for reconstruction of complex mediastinal wounds. 

JSLS. 2003 Oct-Dec; 7(4): 317–22. 

10 Rudman F, Barić D, Unić D. Omentum flap as a salvage procedure in deep sternal 

wound infection. Ther Clin Risk Manag. 2017 Nov 9; 13: 1495–1497. 

11 Bayles SW, Hayden RE. Gastro-omental free flap reconstruction of the head and 

neck. Arch Facial Plast Surg. 2008 Jul-Aug; 10(4): 255–9. 

12 Chao N, Ziguan Z, Yin X, Qingping X, Hongjun Y, Miaochun Z, Wenjie X, 

Xiaoyan Z, Zhengye L, Xiangyang S. Oncoplastic breast reconstruction with 

omental flap: a retrospective study and systematic review. J Cancer. 2018; 9(10): 

1782–1790. 

13 Varga G, Cseke L, Kalmár K, Horváth OP. Prevention of recurrence by reinforce-

ment of hiatal closure using ligamentum teres in laparoscopic repair of large hiatal 

hernias. Surg Endosc. 2004 Jul; 18(7): 1051–3.  

14 Vereczkei A, Varga G, Tornoczky T, Papp A, Horvath ÖP. A new experimental 

method for hiatal reinforcement using connective tissue patch transfer. Dis Esopha-

gus. 2012 Jul; 25(5): 465–9. 

15 Patti MG, Allaix ME, Fisichella PM. Analysis of the causes of failed antireflux sur-

gery and the principles of treatment: a review. JAMA Surg. 2015 Jun; 150(6):  

585–90. 

16 Horváth ÖP, Varga G, Biró Z, Papp A, Bognár L, Vereczkei A. Complications and 

reoperations following laparoscopic antireflux surgery. Magy Seb. 2016 Sep; 69(3): 

91–98 

17 Feussner H, Horvath OP, Siewert JR. Vicryl-scarf-induced scarring around esopha-

gogastric junction as treatment of esophageal reflux disease. An experimental study 

in the dog. Dig Dis Sci. 1992 Jun; 37(6): 875–81. 

18 Wu JS, Fazio VW. Continent ileostomy: evolution of design. Clin Colon Rectal 

Surg. 2002;15:231-243. 



BIBLIOGRAPHY 64 

19 Cranley B. The Kock reservoir ileostomy: a review of its development, problems 

and role in modern surgical practice. Br J Surg. 1983;70:94-99. 

20 Papaconstantinou HT. Evaluation of Anal Incontinence: Minimal Approach, Maxi-

mal Effectiveness. Clin Colon Rectal Surg. 2005 Feb; 18(1): 9–16. 

 

CHAPTER 3 

1 Ferlay J. GLOBOCAN 2008 v1.2, cancer incidence and mortality worldwide. IARC 

Cancer Base, 10. Lyon, France. International Agency for Research on Cancer, 2010. 

2011 March 15. http://globocan.iarc.fr. 

2 Pennathur A, Gibson MK, Jobe BA et al. Oesophageal carcinoma. Lancet. 2013 Feb 

2; 381(9864): 400–12.  

3 Ferlay J, Bray F, Pisani P et al. GLOBOCAN 2000, cancer incidence, mortality and 

prevalence worldwide, Version 1.0. International Agency for Research on Cancer 

Cancer Base, 5. Lyon, France. IARC Press; 2001. 

4 Syrjänen K, Pyrhönen S, Aukee S et al. Squamous cell papilloma of the esophagus: a 

tumour probably caused by human papilloma virus (HPV). Diagn Histopathol. 

1982 Oct–Dec; 5(4): 291–6. 

5 Li X, Gao C, Yang Y et al. Systematic review with meta-analysis: the association 

between human papillomavirus infection and oesophageal cancer. Aliment Pharma-

col Ther. 2014 Feb; 39(3): 270–81.  

6 Yong F, Xudong N, Lijie T. Human papillomavirus types 16 and 18 in esophagus 

squamous cell carcinoma: a meta-analysis. Ann Epidemiol. 2013 Nov; 23(11): 726–

34.  

7 Liyanage SS, Rahman B, Ridda I et al. The aetiological role of human papillomavirus 

in oesophageal squamous cell carcinoma: a meta-analysis. PLoS One. 2013 Jul 24; 

8(7): e69238. 

http://globocan.iarc.fr/


BIBLIOGRAPHY 65 

8 Petrick JL, Wyss AB, Butler AM et al. Prevalence of human papillomavirus among 

oesophageal squamous cell carcinoma cases: systematic review and meta-analysis. Br 

J Cancer. 2014 Apr 29; 110(9): 2369–77.  

9 Mariette C, Piessen G, Triboulet JP. Therapeutic strategies in oesophageal carcino-

ma: role of surgery and other modalities. Lancet Oncol. 2007 Jun; 8(6): 545–53.  

Review. 

10 Gebski V, Burmeister B, Smithers BM et al. Survival benefits from neoadjuvant 

chemoradiotherapy or chemotherapy in oesophageal carcinoma: a meta-analysis. 

Lancet Oncol. 2007 Mar; 8(3): 226–34. 

11 Papp A, Cseke L, Farkas R et al. Chemo-radiotherapy in locally advanced squamous 

cell oesophageal cancer-are upper third tumours more responsive? Pathol Oncol 

Res. 2010 Jun; 16(2): 193–200.  

12 Nakajima M, Kato H, Miyazaki T et al. Tumor immune systems in esophageal can-

cer with special reference to heat-shock protein 70 and humoral immunity. Anti-

cancer Res. 2009 May; 29(5): 1595–606. 

13 Ciocca DR, Arrigo AP, Calderwood SK. Heat shock proteins and heat shock factor 

1 in carcinogenesis and tumor development: an update. Arch Toxicol. 2013 Jan; 

87(1): 19–48. 

14 Lebret T, Watson RW, Molinié V et al. Heat shock proteins HSP27, HSP60, 

HSP70, and HSP90: expression in bladder carcinoma. Cancer. 2003 Sep 1; 98(5): 

970–7. 

15 Farkas R, Pozsgai E, Schally AV et al. Possible predictors of histopathological res-

ponse to neoadjuvant chemoradiotherapy for rectal cancer. J Cancer Res Clin On-

col. 2012 Mar; 138(3): 387–95.  

16 Therasse P, Arbuck SG, Eisenhauer EA et al. New guidelines to evaluate the res-

ponse to treatment in solid tumors. European Organization for Research and 

Treatment of Cancer, National Cancer Institute of the United States, National 

Cancer Institute of Canada. J Natl Cancer Inst. 2000 Feb 2; 92(3): 205–16. 



BIBLIOGRAPHY 66 

17 Syrjänen KJ. HPV infections and oesophageal cancer. J Clin Pathol. 2002 Oct; 

55(10): 721–8. Review. 

18 Ludmir EB, Stephens SJ, Palta M, Willett CG, Czito BG. Human papillomavirus 

tumor infection in esophageal squamous cell carcinoma. J Gastrointest Oncol. 2015 

Jun; 6(3): 287–95. 

19 Furihata M, Ohtsuki Y, Ogoshi S et al. Prognostic significance of human papilloma-

virus genomes (type-16, -18) and aberrant expression of p53 protein in human 

esophageal cancer. Int J Cancer. 1993 May 8; 54(2): 226–30. 

20 Antonsson A, Nancarrow DJ, Brown IS et al. High-risk human papillomavirus in 

esophageal squamous cell carcinoma. Cancer Epidemiol Biomarkers Prev. 2010 Aug; 

19(8): 2080–7.  

21 Cao F, Han H, Zhang F et al. HPV infection in esophageal squamous cell carcinoma 

and its relationship to the prognosis of patients in northern China. Scientific World 

Journal. 2014 Jan 12; 2014: 804738.  

22 Guo L, Liu S, Zhang S et al. Human papillomavirus-related esophageal cancer sur-

vival: A systematic review and meta-analysis. Medicine (Baltimore). 2016 Nov; 

95(46): e5318. 

23 Ang KK, Harris J, Wheeler R et al. Human papillomavirus and survival of patients 

with oropharyngeal cancer. N Engl J Med. 2010 Jul 1; 363(1): 24–35.  

24 Fakhry C, Westra WH, Li S et al. Improved survival of patients with human papil-

lomavirus-positive head and neck squamous cell carcinoma in a prospective clinical 

trial. J Natl Cancer Inst. 2008 Feb 20; 100(4): 261–9.  

25 Harima Y, Sawada S, Nagata K et al. Human papilloma virus (HPV) DNA associat-

ed with prognosis of cervical cancer after radiotherapy. Int J Radiat Oncol Biol 

Phys. 2002 Apr 1; 52(5): 1345–51. 

26 Lindel K, Burri P, Studer HU et al. Human papillomavirus status in advanced cervi-

cal cancer: predictive and prognostic significance for curative radiation treatment. 

Int J Gynecol Cancer. 2005 Mar–Apr; 15(2): 278–84. 



BIBLIOGRAPHY 67 

27 Wang WL, Wang YC, Lee CT et al. The impact of human papillomavirus infection 

on the survival and treatment response of patients with esophageal cancers. J Dig 

Dis. 2015 May; 16(5): 256–63.  

28 Bognar G, Imdahl A, Ledniczky G et al. Possible role of human papilloma virus in-

fection in response to neoadjuvant therapy in patients with esophageal cancer.  

Hepatogastroenterology. 2008 Jan–Feb; 55(81): 93–7. 

29 van’t Veer LJ, Dai H, van de Vijver MJ et al. Gene expression profiling predicts cli-

nical outcome of breast cancer. Nature. 2002 Jan 31; 415(6871): 530–6. 

30 Cornford PA, Dodson AR, Parsons KF et al. Heat shock protein expression inde-

pendently predicts clinical outcome in prostate cancer. Cancer Res. 2000 Dec 15; 

60(24): 7099–105. 

31 Farkas R, Pozsgai E, Bellyei S et al. Correlation between tumor-associated proteins 

and response to neoadjuvant treatment in patients with advanced squamous-cell 

esophageal cancer. Anticancer Res. 2011 May; 31(5): 1769–75. 

32 Elrefaey S, Massaro MA, Chiocca S et al. HPV in oropharyngeal cancer: the basics 

to know in clinical practice. Acta Otorhinolaryngol Ital. 2014 Oct; 34(5): 299–309. 

33 Chu A, Genden E, Posner M et al. A patient-centered approach to counseling pa-

tients with head and neck cancer undergoing human papillomavirus testing: a clini-

cian’s guide. Oncologist. 2013; 18(2): 180–9.  

34 Kumar R, Ghosh SK, Verma AK, Talukdar A, Deka MK, Wagh M, Bahar HM, 

Tapkire R, Chakraborty KP, Kannan RR. p16 Expression as a Surrogate Marker for 

HPV Infection in Esophageal Squamous Cell Carcinoma can Predict Response to 

Neo-Adjuvant Chemotherapy. Asian Pac J Cancer Prev. 2015;16(16):7161-5. 

35 Petrosky E, Bocchini JA Jr, Hariri S et al. Use of 9-valent human papillomavirus 

(HPV) vaccine: updated HPV vaccination recommendations of the advisory com-

mittee on immunization practices. MMWR Morb Mortal Wkly Rep. 2015 Mar 27; 

64(11): 300–4. 



BIBLIOGRAPHY 68 

36 Amir Abbas Samani, Shoshana Yakar, Derek LeRoith et al. The role of the IGF sys-

tem in cancer growth and metastasis: overview and recent insights. Endocrine Re-

views, 28(1), 2007 Feb 1, 20–47. https://doi.org/10.1210/er.2006-0001. 

37 Kaha ́n Z, Arencibia JM, Csernus VJ et al. Expression of growth hormone-releasing 

hormone (GHRH) messenger ribonucleic acid and the presence of biologically ac-

tive GHRH in human breast, endometrial, and ovarian cancers. The Journal of Clin-

ical Endocrinology & Metabolism, 84(2), 1999 Feb 1, 582–589. 

https://doi.org/10.1210/jcem.84.2.5487. 

38 Rekasi Z, Czompoly T, Schally AV et al. Isolation and sequencing of cDNAs for 

splice variants of growth hormone-releasing hormone receptors from human can-

cers. Proc Natl Acad Sci U S A. 2000 Sep 12; 97(19): 10561–6. 

39 Halmos G, Schally AV, Varga JL et al. Human renal cell carcinoma expresses dis-

tinct binding sites for growth hormone-releasing hormone. Proc Natl Acad Sci U S 

A. 2000 Sep 12; 97(19): 10555–60 

 



NOVEL FINDINGS 69 

NOVEL FINDINGS 

ESOPHAGEAL COMPLICATIONS OF GASTROESOPHAGEAL REFLUX DISEASE: 

CONSEQUENCES OR DEFENSIVE REACTIONS? 

1 This study was the first to discuss gastroesophageal reflux disease as a potential 

causative factor in the development of nine different esophageal and one airway dis-

orders that result in decreased reflux symptoms, reduced acid regurgitation, and 

through this they reduce the risk of aspiration as well. We concluded that the func-

tional esophageal changes (HLES, HUES, achalasia, diffuse esophageal spasm) that 

develop following long-standing GERD are adaptive reactions, aimed at easing the 

unpleasant reflux symptoms and reducing acid regurgitation. The development of 

Barrett’s esophagus can also be regarded as an adaptive change, as it is associated 

with a downturn in reflux symptoms. The structural changes (Schatzki’s ring, 

esophageal web, esophageal stricture, subglottic tracheal stenosis) also result in re-

duced acid regurgitation, but we consider that these are rather secondary conse-

quences of GERD and not real adaptive mechanisms. 

2 Based on our experiences and review of the literature we assume that in those func-

tional esophageal disorders, where the etiological role of GERD arises, therapeutic 

strategy should be different from that of the same, but primary esophageal motility 

disorder. In all of these cases, therapy should focus on the treatment of GERD. Our 

recommendation is as what follows in case of GERD induced 

- HLES: laparoscopic total (Nissen 360°) fundoplication 

(not recommended: myotomy of the LES + fundoplication) 

- HUES: dilation therapy and long-term treatment with acid suppression medica-

tion 

(not recommended: myotomy of the UES) 

- Zenker’s diverticulum: surgical or endoscopic treatment of the diverticulum + 

cricopharyngeal myotomy + long-term treatment with acid suppression medica-

tion 

- achalasia: laparoscopic Heller’s myotomy and total (Nissen 360°) fundoplication 
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(not recommended: ballon dilation) 

- DES: long-term treatment with acid suppression medication 

(not recommended: use of smooth muscle relaxants) 

FUNCTIONAL EXAMINATION OF THE TRANSPOSED PYLORIC SPHINCTER IN 

ANTIREFLUX PORCINE MODELS: COULD IT BE SUITABLE TO CREATE  

A CONTINENT ILEOSTOMY? 

3 Transposition of a pedicled pyloric sphincter around the impaired gastroesophageal 

junction is technically feasible, however, it cannot be recommended for antireflux 

procedure due to the narrow lumen and high resting tone of the pyloric ring, which 

would lead to dysphagia in this location. 

4 Our animal study proved evidence that the pedicled pyloric ring preserved its phar-

macological responsiveness in the ectopic position. Injection of neostigmine resulted 

in contraction in both the smooth muscles of the ring and in its vessels. Injection of 

glyceryl trinitrate resulted in relaxation of the ring and in an increase in the microcir-

culation of the ring. 

5 In our preliminary study, our novel approach to create a continent ileostomy with 

the use of a pyloric sphincter based on the left gastroepiploic artery proved to be 

technically feasible. Planned reoperation revealed that the ring did not cause isch-

aemia on the small intestine. 

PROGNOSTIC ROLE OF HPV INFECTION  

IN ESOPHAGEAL SQUAMOUS CELL CARCINOMA 

6 In our study, the rate of HPV positivity in Hungarian esophageal squamous cell 

cancer patients corresponded to that of the low risk countries, namely, 19% of the 

patients were confirmed to be HPV positive by CISH. 

7 In our study, the distribution of HPV positivity in the upper, middle and lower 

thirds of the esophagus were 28,6%, 42,8% and 28,6%, respectively. Thus, upper 

third cancers did not harbour higher rates of HPV, as it could have been expected 

due to the proximity of the oral cavity. 
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8 In our study, we found that HPV infection was associated with worse response to 

oncological treatment and decreased overall survival, and therefore proved to be a 

negative prognostic factor in patients with esophageal squamous cell carcinoma.  

9 In our study, we found that HPV positivity was associated with high expression 

levels of Hsp 90 and 16.2. High expression levels of Hsp 90 and 16.2 were associated 

with worse prognosis. We found association neither between Hsp 27 or GHRH-R 

expression and the HPV status, nor between Hsp 27 or GHRH-R expression and 

response to treatment. 
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