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Preface

The esophagus is the long tube running from the back of the mouth to the stomach, and it
transports ingested food to the location where real digestion begins. It is a rather simple or-
gan both structurally and functionally, but can be life threatening once it becomes sick, espe-
cially when it is malignant. As pointed out in the introductory chapter, “Esophagus and
Esophageal Cancer,” esophageal cancer kills more than 400,000 people annually and its 5-
year survival rate is around 18%. What is even worse, while the incidence of other cancers is
declining year after year, esophageal cancer has been moving up steadily for the past several
decades, and it casts a really big shadow on the future of human life. Until now there have
been no effective drugs to treat esophageal cancer. Most professionals agree that immuno-
therapy might hold a brighter future in chemotherapy, as demonstrated by the outcomes
that have been obtained in several types of cancers. Inmunotherapy is a relatively new con-
cept based on immunological principles to battle against cancers, such as activating and or-
chestrating B-cells and T-cells to attack tumor cells, introducing specific antibodies to induce
tumor cell apoptosis, blocking certain signaling pathways to let the tumor cells die of starva-
tion, etc. Chapter 2, “Immunotherapy for Esophageal Cancer,” gives a thorough review of
this topic, including the history of immunotherapy, drugs that are in use as well as those in
trials, and mechanisms of functionality of each drug. It is full of useful information not only
for clinicians but also for researchers.

While chemotherapy has been making progress, surgical operation has been a common
strategy for esophageal cancer patients. To be exact, during surgery the affected esophagus
is cut off partially or entirely. Because of the critical location of the organ, however, the suc-
cess of surgery often depends greatly on the skills of the operating surgeon. For this reason,
robots have been brought into the surgical room in recent years. This has been proven to be
at least comparable to a skillful surgeon at this point. Chapter 3, “Robotic Esophageal Sur-
gery for Cancer,” tells the story of the actual use of the technology in Germany. Based on
experience, this is a promising new way to perform an operation because it can eliminate
several human errors. However, a few limitations still exist, such as lack of tactile feedback,
longer setup time, and higher overall cost. We believe that these shortcomings can be over-
come in the near future, as we continue to improve the system. Even with the help from a
robot, post-operative complications are still very common. To reduce such unfortunate
chances, proper preparations and care are important not just before surgery, but also during
and after surgery. Chapter 4, “Prevention and Management of Complications from Esopha-
gectomy,” gives a detailed discussion of this subject, from patient selection to surgeon selec-
tion, from assessment of the hospital to a blueprint of the surgical procedure, and more. It
also provides advice on how to prevent complications before surgery, as well as how to
manage complications when they happen. It discusses six types of complications in particu-
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lar, including atrial fibrillation, respiratory illness, anastomotic leaks, fistula, delayed gastric
emptying, and chyle leaks.

There are two types of esophageal cancer commonly seen. Although esophageal squamous
cell carcinoma (ESCC) is the most popular, esophageal adenocarcinoma (EAC) is the fastest
growing cancer in the world. While tobacco smoking in conjunction with alcohol consump-
tion might be blamed for causing ESCC, gastroesophageal reflux disease (GERD) has been
recognized as the primary reason for the rise of EAC. GERD develops when the lower
esophageal sphincter fails to keep the stomach contents from backing into the esophagus.
Consequently, the esophageal epithelial lining is frequently exposed to highly acidic stom-
ach fluid that often contains bile salts from the duodenum. When such episodes go on for a
long time without proper management, EAC develops. According to recent studies, GERD
increases the risk of EAC by 8.6-fold. Currently, GERD is the most common gastrointestinal
diagnosis in the United States. Over 60% of Americans experience occasional episodes of
acid reflux, and approximately 25% deal with the problem on a weekly basis. Chapter 5,
“The Clinical Relevance of Gastroesophageal Reflux Disease and Laryngo-Pharyngeal Re-
flux in Clinical Practice,” is an updated review of GERD clinical practice. It also compares
GERD with another abnormality that occurs in close vicinity, lanryngo-pharyngeal reflux
(LPR), which is considered as an extra-esophageal manifestation of GERD. Unlike esopha-
geal mucosa, both laryngeal and pharyngeal mucosa do not have sufficient self-protective
mechanisms; therefore, the refluxant quickly leads to mucosal lesions. The chapter covers
the physiology and pathology of GERD and LPR, as well as their diagnosis and treatment
options. It is a good reference for clinical professionals.

Because we are talking about the larynx and pharynx, their malignancies are also commonly
treated by surgical operation to remove the troubled organ. Consequently, the patient ends
up with loss of vocal ability. To help the patient to maintain minimal voice communication
skills, the individual has to be trained to use his/her esophagus as the secondary vocal appa-
ratus, using airflow to cause esophageal mucosa vibration and thereby producing sound. As
discussed in Chapter 6, “The Role of Esophagus in Voice Rehabilitation of Laryngectomees,”
there are two ways to do this: the esophageal speech method and trachea-esophageal speech
method. In the esophageal speech method, the respiratory and digestive systems are com-
pletely separated. Therefore, the esophagus has to work alone to generate a voice. In the
trachea-esophageal speech method, on the other hand, a silicon prosthesis is inserted into
the location where the larynx used to be, and connects the respiratory system to the esopha-
gus, so that the patient uses airflow from the lung to vibrate the esophageal mucosa to make
a sound. It is a tough job, but there is no other way to deal with the problem at this point.

We have come to a realization that this book might be light by weight, but the subject is
quite heavy. Esophageal cancer is the sixth deadliest cancer in the world and could get
worse because of the increasing patient population. Through this book, we hope to raise the
awareness of health professionals as well as non-professionals, such as politicians and ad-
ministrators in funding agencies. We need to inject more resources and effort into the battle
against this disease.

Jianyuan Chai, Ph.D.
Inner Mongolia Institute of Digestive Diseases
Baotou, China
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Introductory Chapter: Esophagus and Esophageal
Cancer
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1. Introduction

Our body obtains nutritional supplies from the environment through two primary pipes:
bronchus and esophagus, the two simplest organs in the respiratory and digestive systems,
respectively. While the bronchus passes oxygen to the lung and expels carbon dioxide out of
our biological system, the esophagus transports water and food into the stomach from where a
sophisticated process of digestion and nutrient extraction begins.

Although skin cancer might be the most common malignancy in the world, accounting for at
least 40% of all cancer cases [1], it is usually excluded from the annual cancer report due to its
least perniciousness. The remainders are mostly found in the respiratory and digestive sys-
tems, particularly in the digestive system, which hides about twice as much cancer as found in
the respiratory system. Five of the top 10 deadliest cancers take place in the digestive organs,
including stomach, liver, colon, pancreas, and esophagus. Esophageal cancer is ranked as No.
6 on the list. While the incidence of most cancers is declining year by year, esophageal cancer
continues climbing as the fast growing malignancy in the world. Based on a recent prediction,
by the year of 2035, the global population of the esophageal cancer patients will be up by 77.4%
[2]. In some regions of Asia, Africa, and the South America, the numbers could be doubled in
less than 20 years. Logically, esophageal malignancy will very likely become one of the top
global concerns in the near future.

The human esophagus is just a short tube of ~25 ¢cm, separating from the rest of the body by
two muscular rings at the ends, the upper esophageal sphincter and the lower esophageal
sphincter, which control the flow of ingested materials from the mouth to the stomach. Like a
corridor that sends visitors from the gate to the main building, the esophagus sends food from
the mouth to the stomach. It is a rather simple structure, but, because of its critical location, any
abnormalities associated with this organ can be devastating.

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
InteChOpen Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited. [{cc) ExgNN
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When food is being swallowed, the upper sphincter relaxes, allowing food to enter the pipe.
Peristaltic contractions of the esophageal muscle push the food down through the lower
sphincter into the stomach. Besides controlling the amount of swallowed food going down
into the stomach, the lower esophageal sphincter also works like a dam sitting in between the
esophagus and the stomach to prevent the stomach contents to back up into the esophagus.
When this muscular structure does not hold well, gastroesophageal reflux disease (GERD)
occurs, in which case stomach acid mixed with duodenal content flows back into the esopha-
gus. If this happens frequently enough, it leads to esophagitis, and then to Barret’s esophagus,
a premalignant metaplasia of the esophageal lining changing from stratified squamous epithe-
lium to simple columnar epithelium. Compared to normal people, individuals with Barret’s
esophagus can have as high as a 400-fold increased risk to develop esophageal cancer [3].

2. Epidemiology of esophageal cancer

Esophageal cancer is the ninth most common malignancy in the world. Most of the cases are
either squamous cell carcinoma (ESCC) or adenocarcinoma (EAC). The former is the predom-
inant one, accounting for ~90% of the cases. ESCC occurs in the squamous cell lining of the
middle section of the esophagus and is more often found in Asia and Africa. China alone is
responsible for more than 50% of the patient population. EAC, on the other hand, takes place
in the cuboidal cells of the esophageal glands near the gastroesophageal junction and has been
growing rapidly in western countries in recent years. Both types of esophageal cancer happen
more often in males than in females, and the overall ratios of male to female are approximately
2.5 for ESCC and 4.4 for EAC. At the first look, the incidence of esophageal cancer seems to be
geographic-related, as ESCC is more seen in Asia and Africa while EAC more common in
Europe and North America. However, if we analyze the data further, we notice that the issue is
actually more ethnic rather than geographic. Take a look at the cases in the United States,
where ESCC incidence is found 4.8 times higher in Asian- and African Americans than in
Caucasians, while EAC is just the opposite, 5 times higher in Caucasians than in other Amer-
icans [2]. Apparently, these two diseases selectively adhere to certain races of people regardless
of where they live. This notion is also supported by the data from China, where ESCC patient
population is 77 times greater than that of EAC [4]. Apparently, after a long history of sharing
residential resources, each ethnic group has formed its unique life habits. For this reason, they
tend to develop common health problems.

As far as we know today, smoking is the No. 1 risk factor for ESCC, particularly when it is in
conjunction with drinking. A study found that ESCC incidence increased 12-fold in males and
19-fold in females in the population who use tobacco and alcohol together, compared to those
who have one of the hobbies alone [5]. This connection can be easily seen in China, where the
tobacco consumption is the highest in the world, higher than all other developing countries
combined [6]. The Chinese also consume a lot of alcohol, particularly in northern and central
provinces, where the ESCC incidence can reach 0.8% of the local residential population [1].
Here is the east end of the so-called “esophageal cancer belt.” This association is also reflected
by the data on the American males of Asian and African origins, who tend to smoke and drink
abreast, thus making up for 90% of the ESCC patient population in the United States [7].
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While the use of tobacco and alcohol together has been the main risk factor for ESCC, obesity
and low vegetable consumption increase the chances to develop EAC. In the obese community,
the excessive body weight puts constant pressure on the stomach and causes frequent acid
reflux. These highly acidic fluids regurgitated from the stomach or even from the duodenum
induce inflammation in the esophagus. As the episodes continue, the epithelial lining of the
esophagus gradually transforms from stratified squamous epithelium to intestinal columnar
phenotype for adaptive protection, as the latter is more endurable to acidic insults. Unfortu-
nately, however, this metaplasia confers a greater danger to become malignant. Studies have
shown that people with this kind of esophageal adaptation could have 400 times more likeli-
hood to develop EAC than the general population [8]. Insufficient uptake of fresh fruits and
vegetables can also create this type of drama.

Although both ESCC and EAC take place in this short organ, they are very different cancers.
From an epidemiological point of view, there is only one common feature between ESCC and
EAC, and that is both preferring men over women, while differences are a lot greater.

3. Genetics of esophageal cancer

In addition to the factors associated to life habits, there are also genetic elements contributing
to esophageal cancer development. The genomic analysis reveals distinct profiles between
ESCC and EAC. ESCC is more similar to squamous cell carcinoma of the head and neck than
to EAC, while the latter has more resemblance to gastric adenocarcinoma.

ESCC is believed to develop from basal cell hyperplasia and dysplasia. During this process, the
main mutation pattern is C to A substitution, which is commonly found in smokers [9]. The
most frequently mutated genes include TP53 (p53, tumor suppression transcription factor),
CDKN2A (p16, cyclin-dependent kinase inhibitor), KDM6A (histone demethylase), KMT2D
(lysine methyltransferase), and RB1 (retinoblastoma-associated protein). On the other hand,
some genes are highly expressed, such as CCND1 (cyclin D1), TP63 (tumor protein), SOX2
(sex-determining region Y), MYC (c-myc), FGFR1 (fibroblast growth factor receptor), TNFAIP3
(tumor necrosis factor-induced protein), and CHN (chimerin) [10]. Table 1 lists the top five
genes frequently mutated and the top five highly expressed.

EAC, on the other hand, is generally believed to originate from Barret’s esophagus, an esoph-
ageal metaplasia in response to chronic acid reflux. During this process, esophageal epithelium
transforms from a multilayer of squamous epithelial cells to a single layer of intestinal colum-
nar epithelial cells, or like the metaphor used by Ahrens et al.: “turning skyscrapers into
townhouses” [14]. The natural question is where the columnar cells come from. There are four
theories currently to explain the origin of esophageal columnar cells: (1) true trans-
differentiation of the esophageal squamous cells, (2) trans-commitment of the esophageal stem
cells, (3) colonization and subsequent trans-commitment of bone marrow stem cells, and (4)
replacement by gastric columnar epithelial cells.

The first theory is supported by the fact that the esophagus derives from the columnar
epithelial cells initially during embryonic development and later is replaced by squamous
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Gene Protein Function Up (+)/down (-)  References
in ESCC

TP53 p53 Tumor suppression, cellular stress - [11]
response, cell death

CDKN2A pl6 Stabilizing p53 - [11,12]

KDM6A  Lysine demethylase 6A Chromatin remodeling — [9]

KMT2D  Lysine methyltransferase 2D Chromatin remodeling — [9]

RB1 Retinoblastoma transcriptional ~ Tumor suppression — [10]

corepressor 1

CCND1  Cyclin D1 Cell cycle progression + [9]
TP63 p63 Transcription regulator + [9]
SOX2 Sex determining region Y 2 Embryogenesis, stem cell maintenance ~ + [9]
MYC c-myc Cell cycle progression, cell + [9]

transformation, apoptosis

EGFR EGF receptor Mediating EGF signaling + [13]

Table 1. The top five of the most commonly mutated genes (—) and the top five of the most highly expressed genes (+) in ESCC.

epithelium [15]. Therefore, the differentiated esophageal squamous epithelial cells might be able
to transform back to columnar cells. Does it sound possible? However, in vitro study demon-
strated that acid and/or bile treatment upregulated CDX-2 expression in normal esophageal
epithelial cells (Hetl1A), which led to intestinal phenotype [16]. The esophageal epithelium is
maintained by a distinct group of p63-expressing stem cells beneath the mucosa under the
influence of a specific cue within the organ. When the esophagus is insulted by acidic refluxate
repeatedly, the progenitor cells lose p63 expression and are misled to differentiate into columnar
instead of squamous epithelial cells. This is where the second theory stands [17]. Does it sound
reasonable? More evidence is needed. The third theory seems pretty strong, because it is
supported by experimental evidence. In 2008, Sarosi et al. successfully transplanted female rats
that had been surgically induced by reflux esophagitis with bone marrow from male rats and
later identified Y-chromosome in half of the esophageal epithelial cell population, indicating a
colonization of bone marrow stem cells in esophageal epithelium [18]. However, Aikou et al.
conducted similar experiment using mice and could not confirm bone marrow-derived meta-
plastic esophageal epithelial cells [19]. Nevertheless, both the second and third theories recognize
the important contribution from stem cells during metaplastic transformation. The only differ-
ence is the origin of progenitor cells. If bone marrow stem cells could be misguided to differen-
tiate into columnar phenotype where squamous cells are supposed to be, why could not the local
stem cells? The fourth theory has also found experimental evidence in human. In 2014, Lavery
et al. showed that labeled gastric cells residing in the middle of esophageal glands had under-
gone metaplastic transformation, suggesting that esophageal columnar epithelial cells could be
from the migration of gastric cardiac columnar epithelial cells [20].

The next question is how esophageal metaplasia turns into EAC. There are two main theories
currently. The first theory thinks that EAC develops from Barret’s esophagus through a stepwise
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Gene Protein Function Up (+)/down () References
in EAC
TP53 p53 Tumor suppression, cellular stress — [21]
response, cell death
CDKN2A pl6 Stabilizing p53 - [22]
SMAD4  Smad 4 Tumor suppression — [23]
SYNE1 Spectrin repeat containing nuclear Organelle movement — [24]

envelope protein 1

DOCK2  Dedicator of cytokinesis 2 Cell migration — [24]

MYC c-myc Cell cycle progression, cell + [25]
transformation, apoptosis

ERBB2 Her2 Stabilizing EGF binding to its + [9]
receptor

GATA6  GATA binding protein 6 Cell differentiation in gut + [26]

VEGFA  Vascular endothelial growth factor A Angiogenesis + [25]

CCNE1  Cyclin E1 Cell cycle progression + [9]

Table 2. The top five of the most commonly mutated genes (—) and the top five of the most highly expressed genes (+) in EAC.

accumulation of gene mutations. EAC is one of cancers with a high rate of gene mutation. In
2013, a study conducted by Dulak et al. performed whole-genome sequence analysis on 149
pairs of EAC versus normal tissue samples and identified a total of 17,383 mutations in 8331
genes in EAC specimens, including 16,516 non-silent mutations and 1954 insertion-deletion-null
mutations [24]. Of these genes, 26 were significantly mutated. As seen in ESCC, TP53 and
CDKN2A were on top of the list. One of the differences, however, is A to C base transversion
that is more common in EAC while C to A is more common in ESCC. The second theory involves
a massive chromosomal instability due to the inactivation of p53 and p16. Loss of TP53 has been
shown to increase the possibility of malignance by 16-fold [21]. Without functional p53, aneu-
ploidy develops, which increases the pace of genome doubling. CDKN2A is the gene coding for
pl6, a cyclin-dependent kinase inhibitor that can sequester MDM2 and thereby prevent p53
being degraded. Inactivation of CDKN2A can be interpreted as a reinforcement to the elimina-
tion of p53. Table 2 lists the top five mutated genes and top five overexpressed genes associated
with EAC.

4. The guardian of the genome: p53

Based on multiple genetic analyses performed by several independent groups [9, 27-29], TP53
always appeared to be the most frequently mutated gene in both ESCC and EAC. Not just
esophageal malignancy, 50-60% of human cancers that have been studied so far contain
homozygous mutations in TP53 [30]. That is almost to say, p53 has to be disabled in order to
turn a normal cell into a cancerous cell. Why is p53 so important?
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TP53 encodes a transcription factor named p53, which has only 393 amino acids. It functions as
a tetramer of two dimers, each binding a sequence RRRCWWGYYY (R=A/G, W=A/T,Y=C/
T). When a gene contains two such sequences separated by 0-13 base pairs, it becomes a
potential target of p53. Up to date, out of 30,000 human genes known so far, 3661 have been
found to contain such p53 response elements. In another word, more than 10% of our entire
genome is possibly under p53 regulation. Among these target candidates, 346 have been
confirmed to be bound and regulated by p53, including 246 upregulated by p53, 91
downregulated by p53, and nine can go either way [31]. That is to say, p53 has the power to
shut a gene down or open it up, “all up to its mood.”

Normally, after translation, p53 is degraded rapidly through ubiquitination by MDM2, an E3
ubiquitin ligase that happens to be a true target gene of p53. In another word, p53 is a well self-
disciplined molecule and can take good care of itself and would not allow itself to accumulate
unnecessarily. In response to cellular stresses like DNA damage, oncogene activation, or
hypoxia, however, p53 dissociates from MDM?2 through various protein modifications such
as phosphorylation, acetylation, or methylation, becoming an active transcription factor. Then,
p53 rolls out a transcriptional program, namely activating certain genes and/or suppressing
some others, to cause cell cycle arrest, senescence, or apoptosis, thereby managing the cellular
crisis and bringing the microenvironment back to normal. For this reason, p53 has earned the
honor as the “guardian of the genome,” and also for this reason, a cell must depower p53 first
in order to become malignant.

There are several ways to depower p53 in a cell. Gene mutation is the first one. As mentioned
earlier, more than 50% of cancers have TP53 mutations. Interestingly, a majority of these
mutations (~ 90%) are missense. In another word, the mutated gene can still be transcribed
into a protein product, just different from the wild-type p53. Furthermore, most of these
mutations take place at ~190 codons, which encoding the amino acid residues 102-292 within
the DNA-binding domain of the transcription factor. Some of the mutant p53 protein products
still possess DNA-binding capability to a degree, just weaker, about 0-75% of the wild-type
p53 depending on the exact location of the mutation. This is also believed to be the reason for
different cancerous phenotypes. Environmental carcinogens tend to cause selective mutations
within TP53 and thereby lead to tissue-specific cancers. For instance, tobacco smoke (carcino-
gen: benzoapyrene diol epoxide) tends to induce mutations at G245 V, G245C, and R249M,
which are commonly seen in association with ESCC patients [32]. In vitro studies have demon-
strated that the expression of mutant p53 in normal cells with TP53 deletion gives them new
properties like rapid proliferation, loss of contact inhibition, accelerated migration/invasion,
and tumorigenic potential in nude mice, which are the properties that a cancer cell usually
possesses, further indicating TP53 mutations in favor of cancer development.

Compared to gene mutation, posttranscriptional regulations also play a significant role in
depowering p53. As discussed earlier, p53 protein is constantly degraded by MDM2-mediated
ubiquitination. MDM4, a homolog of MDM2, can suppress p53 activation as well, and so do
several others, like SIRT1, YY1, MTA2, and HDACI. Cancer cells learn to cast curses on p53 by
overexpressing these proteins in case TP53 mutation did not work. The expression of
microRNAs is another example. Several species of microRNAs (i.e.,, miR-125b, miR-504, and
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miR-25) have been found to directly bind to p53 mRNA and block it from translation and
thereby allow cancer cell to proliferate. By the same principle, microRNAs targeting the
suppressors of p53 can indirectly fight for p53 protein stability and activity. For instance,
miR-192 increases p53 accumulation by targeting MDM2 mRNA; miR-191 supports p53
stability by blocking MDM4 translation, and miR-34a initiates attacks on YY1 mRNA.
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Abstract

As the third most common cancer of the gastrointestinal tract, esophageal cancer has a
rather worse prognosis treated with current therapy strategies, and a poor 5-year survival
rate lower than 15%. Recent years, emerging immunotherapy has showed a gratifying
effect in treating other solid tumors which illuminates its usage for esophageal cancers.
Immunotherapy for esophageal cancer basically includes adoptive-cell-therapy-based,
antibody-based and vaccine-based therapies, and all of which have shown preliminary
favorable results in treating esophageal cancer. However, due to the rather lower muta-
tion rate and a tough microenvironment inside the cancer, promising immunotherapies
like immune checkpoint blockade drugs, gene-modified-T cell therapies are hindered by
the immunosuppressive factors from microenvironment. Future endeavors will be focus-
ing on targeting immunosuppressive factors, combining immunotherapies with classical
treatments to create a satisfying effect.

Keywords: esophageal cancer, tumor microenvironment, immunotherapy, immune
checkpoint blockade drugs, CAR-T cell therapy

1. Introduction

Esophageal cancer is one of the leading culprits of mortality worldwide and is responsible for
a total number of 746,000 [1] new cases and 439,000 [2] deaths every year. A large number of
these cancers are diagnosed at an advanced stage and the metastasis causes bad outcomes.
Endoscopic surgery, cytotoxic chemotherapy and radiotherapy remain to be the active and
essential clinical treatment but only provide modest benefits, with median overall survival
(OS) only in the range of 8-10 months [3]. After nearly 20 years of fast development, immu-
notherapy turned to be a promising method for treating esophageal cancer. Recent advances
have brought some therapeutic regimens to be approved by Food and Drug Administration
(FDA) then coming to clinical practice in first- and second-line settings (Table 1). The future

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
InteChOpen Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
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Treatment Cancer type Treating method Phase Study number
ACT
EC CIK I NCT02490735
Multiple cancer ~ CTL I NCT00004178
types (including
EC)
EC NY-ESO-1-TCR T cells I NCT01795976
Tumor vaccine
Cell vaccine Multiple cancer ~ Tumor cell vaccine I NCT01258868
types (including
EC)
Multiple cancer =~ H1299 lysate vaccine i NCT02054104
types (including
EC)
Multiple cancer  Allogeneic tumor vaccine I NCT01143545
types (including
EC)
Peptide vaccine EC IMF-001 I NCT01003808
EC LY6K, VEGFR1, VEGFR2 I NCT00561275
EC URLC10, TTK, KOC1, VEGFR1, I NCT00632333
VEGEFRY, cisplatin, fluorouracil
EC URLC10 I NCT00753844
EC, GC G17DT, cisplatin, fluorouracil I NCT00020787
Immune EC+GEJC+GC  Nivolumab/placebo 11 NCT02743494
checkpoints
therapies
EC +GEJC Pembrolizumab vs. investigator’s choice  III NCT02564263
Siewert I
EC Pembrolizumab + brachytherapy I NCT02642809
EC Nivolumab vs. paclitaxel/docetaxel I NCT02569242
EC +GEJC Pembrolizumab I NCT02971956
Siewert I
EC+GC Pembrolizumab + trastuzumab II NCT02318901
EC Durvalumab il NCT02735239
(anti-PD-L1) + chemoradiotherapy
Solid tumors LAG525 (anti-LAG3) + PD001 7l NCT02460224
(including ESCC) (anti-PD-1)
Solid tumors Nivolumab + ipilimumab I NCT02834013

(including ESCC)

ACT: adoptive cell therapy; CIK: cytokine-induced killer cells; CTL: cytotoxic T-cells; VEGFR: vascular endothelial
growth factor receptors; PD: programmed cell death receptor; EC: esophageal cancer; ESCC: esophageal squamous cell
carcinoma; GE]JC: gastroesophageal junction carcinoma.

Table 1. Recent or completed clinical trials of potential therapeutic approaches for immunotherapy of esophageal cancer.
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of immunotherapy is promising in treating solid tumors, yet still there is a desperate need for
more effective and less toxic treatment options for patients with advanced esophageal cancer.

In recent years, emergence of immunotherapy towards cancer has improved the manage-
ment of several malignancies dramatically, especially melanoma, renal cell carcinoma, non-
small cell lung cancer and so on, shedding light on its usage on esophageal cancer as well.
Identification of more suppressive factors in tumor microenvironment and insights into the
biology of T cell functioning yielded a large number of diverse and novel anti-tumor regi-
mens. Global efforts continue to explore how and when to integrate these agents in treatment
of esophageal cancer. Immune checkpoint inhibition through antibodies that block cytotoxic
T-lymphocyte antigen 4 (CTLA-4) and programmed cell death protein 1 (PD-1) has led to
meaningful improvements in survival [4]. Vaccine adjuvant administration has also reduced
tumor recurrence to some degree. CAR-T (chimeric antigen receptor T-cell) immunotherapy
is a typical example of recent advances in synthetic biology, genome engineering, and cell
manufacturing that has made it possible to develop highly specific and potent tumor-reactive
T cells and offer many opportunities for experimentation and broader clinical translation.
Combined regimens of immunotherapy with other classical esophageal treating procedures
will illuminate the future of clinical oncotherapy. Recent achievements, which are illustrated
below, including finished or ongoing clinical trials and laboratory findings of immunotherapy
for esophageal cancer, bringing optimism for meaningful changes in treatment algorithms
and for better outcomes in this fatal disease.

2. Immunotherapy regimens for esophageal cancer

2.1. History of immunotherapy

A few decades ago, several rare clinical regression of advanced cancer in response to immune
stimulation aroused interests in the area of cancer treatment. A passionate handful of immu-
nologists, oncologists and surgeons carried out forward-looking researches into the relations
between tumor progress and body immune system. Their respectable efforts turned the seem-
ingly insignificant clinical phenomenon into reproducible concrete success by revealing the
hidden mechanisms of tumor response.

At the earliest period of cancer immunotherapies, the exact mechanism remained unknown
and the anti-tumor growth effect was limited yet providing impetus for in-depth study.
The first effective immunotherapies aiming at directly modulating cell function using well-
characterized recombinant cytokines including interleukin-2 (IL-2) and interferon alpha
(IFNa), yet the safety was lowered associated with substantial toxicity. Other cytokines,
including IFNY, IL-4, IL-7, IL-10, IL-12, IL-15, IL-18, IL-25, etc., failed to provide substantive
benefit. The following breakthrough was the emerging conception of monoclonal antibod-
ies (mAbs) targeting tumor cell surface receptor proteins (human epidermal growth factor
receptor 2 (HER2)/Neu, epidermal growth factor receptor (EGFR), etc.) and were integrated
into cancer care. Vaccination therapies using the modified peptide, whole tumor, recom-
binant proteins, dendritic cells (DCs), and adjuvants were only modestly successful. With
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researching deeper into the cross-talk happening in the tumor microenvironment between
tumor cells and immune cells, the modern era of immunotherapy launched with the extraor-
dinary novel efficacy (and toxicities) of mAbs targeting immune checkpoints in patients
with various cancer types in order to decrease the suppressive potential that would prevent
immune cells from functioning. Current alternative approach to overcoming the suppressive
tumor microenvironment was the administration of genetically modified autologous T cells
targeting specific cancer-related antigens [5]. This could be done in the form of T cells in
which modified specific T cell receptors (TCR) were inserted for a shared tumor antigen or a
tumor-specific neoantigen accompanied by co-transduction of stimulatory cytokines such as
IL-12 or could co-administrate with PD-1 pathway blockers to sustain the capability before
being expanded in large numbers in vitro following lymphodepleting chemotherapy. These
approaches have produced dramatic responses in a few patients with a variety of individual
tumor types, especially hematological malignancies [6]. Further improvement of adoptive cell
transfer therapy came from the modified T cells expressing chimeric antigen receptors (CAR)
targeting tumor-specific binding domains. After several generations of amelioration, CAR-T
therapy showed extraordinary effect in treating hematological malignancies yet treatment of
patients with solid tumors using CAR-T cells had been less fruitful and had troubled clini-
cians much through the off-tumor/on-target toxicity. Given the virtually limitless possibility
of ex vivo engineering of T cells, many of these potential hurdles will likely be resolved by the
additional modification of T cell products prior to treatment.

Immunotherapy showed great potential in the treatment of esophageal cancer. Modern
treatments of patients with esophageal cancer integrated immunotherapy with conventional
surgical, chemotherapeutic, and radiation oncologic strategies. In spite of the seemingly grati-
fying results, the 5-year survival rate of patients with esophageal cancer in the middle and
late stages is still lower than 15%, the 5-year survival rate of patients with locally advanced
surgery alone is only 20-25% [7]. Postoperative chemotherapy or neoadjuvant chemoradia-
tion only turns the 5-year survival rate up to only 30-35% [8]. One of the causes to blame of
the rather poor prognosis of esophageal cancer is the rapid disease progression. More than
50% of patients already have visible metastases at the time of diagnosis [7]. Therefore, further
investigation of esophageal cancer microenvironment and its impact on disease progression
will lay a solid theoretical foundation for early diagnosis and treatment improvement of
esophageal cancer.

In this chapter, we tried to converge concepts relevant to the complicated relationship between
the host and the neoplastic tissue.

2.2. Immune microenvironment and molecular correlations in esophageal cancer

As early as 100 years ago, Paget [9] had put forward the hypothesis of “seeds and soil”, which
laid the foundation for the concept of tumor microenvironment. Numerous data indicate that
many immune-related cells, factors and immune-related signaling pathways in the tumor
microenvironment play an important role in the occurrence, metastasis, recurrence, angio-
genesis, and drug resistance of tumors. The in-depth study of the tumor immune microenvi-
ronment is to search for molecular pathogenesis and new therapeutic models of esophageal
cancer.
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Tumor microenvironment is constituted by various immune cells, endothelial cells, adipocytes,
paravascular cells, nerve cells, fibroblasts, and extracellular matrix components around the
cancer cells [10]. Some stromal cells in the tumor microenvironment have immunosuppressive
potential to inhibit the function of immune effector cells and promote tumor progression. Thus
inhibiting cancer cell apoptosis and promoting mechanisms such as proliferation, angiogenesis,
drug resistance, and immune escape to promote tumorigenesis [11]. Chemokines CCL17 and
CCL22 secreted by tumor cells or tumor-associated macrophages (TAMs) recruit CCR4+ regula-
tory T cells (Treg), which then inhibit immune effector cells by contacting directly or secretion of
cytokines (IL-10 and IL-35). Th17 cells can be transformed into Treg cells stimulated by IL-6 and
transforming growth factor-3 (TGF-{). Inflammation and tumor-derived factors stimulate the
activation of myeloid-derived suppressor cells (MDSCs). Activated MDSCs can directly inhibit
the expression of CD8 + T cells. Activation and induction of Treg cells and other mechanisms
contribute to immune escape of cancer cells. TAM cells and CAF cells promote the growth,
invasion, metastasis, and angiogenesis of tumor cells through the secretion of cytokines, che-
mokines, and various growth factors. In addition, tumor cells and TAM cells can express pro-
grammed cell death ligand (PD)-L1/2 inhibiting T cell activation after binding to PD-1.

MDSCs have been shown to play an important role in promoting tumor immune escape, acti-
vating CAF cells and angiogenesis [12]. The presence of proinflammatory cytokines such as
IL-1, IL-6 and prostaglandins in esophageal cancer microenvironment can activate MDSC [13].
MDSC inhibits activation of T cells by direct inhibition [14], cytotoxicity of natural killer cells
(NK) [15], depletion of arginine and cysteine, induction of Treg cells, etc. to achieve immune
escape [16]. Another group of immunosuppressive cells that exert similar functions are Treg
cells. Under physiological conditions, Treg cells can regulate the activation and proliferation
of T cells, B cells, and cytotoxicity of NK cells. But in tumor microenvironment, Treg cells
can promote the occurrence and progression of tumor cells by secreting immunosuppres-
sive related factors, secreting tumor-associated antigens (TAAs), and suppressing the cellular
adverse reactions of immune effector cells and the release of granzymes [17]. Studies have
shown that tumor cells and TAMs can recruit CCR4+ Treg cells to tumor sites by secreting
CCL17 and CCL22 and other chemokines [18]. Treg cells are highly aggregated in tumor cites,
promoting tumor invasion and metastasis, and are associated with disease severity, survival
after chemotherapy, and prognosis [17]. Additionally, Th17 cells can secrete IL-17 and IL-22
and activate STAT3 related signaling pathways to promote angiogenesis and tumor growth
[23]. However, the role of Th17 cells is still controversial. What factors affect the function of
Th17 have not yet been well defined [18]. Therefore, we still have to know more about Th17
cells in esophageal cancer to explore potential therapeutic targets.

The tumorigenic mechanisms of TAMs are varied. Phenotype spectrum of macrophage
ranges from M1 to M2: M1 macrophages represent the classical activated macrophages, with
functions of cytokines secretion, antigen presentation, resistance to infection and anti-tumor
ability, etc., while M2 macrophages secrete type II cytokines and induce activation of COX2/
prostaglandin E and other mechanisms that cause tumorigenesis [19]. The presence of cancer
associated fibroblasts (CAFs) in patients with esophageal cancer is associated with microves-
sel density, and can also promote tumor progression and metastasis through epithelial mes-
enchymal transition (EMT). CAFs are also associated with 3-year survival rates and disease
recurrence after radiotherapy and chemotherapy [20].
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PD-1 is a member of the CD28 superfamily and is an important immunosuppressive molecule
that inhibits the activation of T cells after binding to its ligand PD-L1/PD-L2 [4]. Multiple
experiments confirmed that PD-L1 and PD-L2 are highly expressed in esophageal cancer [21],
in which PD-L1 expression is closely related to tumor invasion depth and poor prognosis,
whereas PD-L2 expression is associated with decreased CD8+ T cell infiltration [21]. The
increasing PD-L2 expression can promote the secretion of Th2 cytokines such as IL-4/IL-13
[22]. These pieces of evidence suggest that blockers targeting PD-1 are of great significance in
the treatment of esophageal cancer [23].

In the early stages of esophageal cancer, TGF-{ signaling suppresses tumor growth by down-
regulating the expression of Smad4 and c-Myc genes, while promoting growth and EMT in
advanced esophageal cancer [24]. This “switching” effect is thought to be caused by the loss of
adaptor proteins. For instance, an important adaptor protein, 32-spectrin, plays an important
part in cell-cell interactions and maintenance of epithelial cell polarity. In esophageal adeno-
carcinoma, decreasing 2-spectrin in tumor cells results in increased expression of SOX9 and
c-Myc, but it also reduces other TGF-3 targets such as E-cadherin and cell cycle-regulated
p21 and p27 genes [25]. In summary, these changes make TGE-f3 promote the progression
and metastasis of the tumor by inducing EMT, especially in epithelial tumors like esophageal
cancer.

In addition to growth factors, chemokines in the tumor microenvironment also play an
important role in the development of tumors. Mainly, there is stromal cell derived factor-1
(CXCL12/SDEF-1) secreted by fibroblasts [26], binding to its corresponding receptor CXCR4 or
CXCR? thus inducing tumor growth, promoting angiogenesis, stimulating tumor movement,
invasion and metastasis [26]. SDF-1/CXCR4/CXCR?7 axis is closely related to tumor invasion,
metastasis and survival. However, the use of these separate components as indicators of prog-
nostic analysis has yielded inconsistent results [27]. Nonetheless, CXCL12 has been shown to
regulate the migration of CXCR4-positive tumor cells in esophageal adenocarcinoma in vitro
and in vivo. Knockout of CXCR4 expression in KYSE-150 and TE-13 esophageal cancer cells
by small interfering RNA can inhibit the proliferation, invasion and metastasis of tumor cells.
Local CCL5 and CXCL10 in esophageal squamous cell carcinoma can recruit CD8+ T cells to
the tumor site [28].

Further researches showed that remodeling body immune state by various means in esopha-
geal cancer patients will be the main research direction of immunotherapy for esophageal
cancer.

2.3. Checkpoint inhibitor regimens

Immune system has sophisticated regulatory mechanisms. Several checkpoints are involved
to maintain the balance between effective immune-responses fighting against infection or
cancer state yet won’t activate excessively to prevent damaging healthy cells. Cytotoxic T lym-
phocyte antigen-4 (CTLA-4) and PD-1 are among the major inhibitory receptors expressed by
Tregs which downregulate immune responses [29]. Inhibitory antibodies modulating these
immune checkpoints have been most frequently used in immune-oncology trials in esopha-
geal cancers.
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PD-1/PD-L1 blockers have achieved encouraging clinical results in treating melanoma, lung
cancer and other cancer types [30, 31]. The potential role of PD-1 blockers in treatment of
esophageal cancer can be predicted by genomic map of the tumor immune microenviron-
ment. The expression of PD-L1 on MDSCs isolated from esophageal cancer tissue was higher
obviously, and PD-1 expression was detected in approximately 60% of the tumor infiltrating
lymphocytes (TILs) from esophageal cancer tissues [32]. Therefore, inhibition of the PD-1/
PD-L1 pathway for esophageal cancer treatment cannot be ignored.

Preliminary results of ongoing studies indicated that PD-1 blocker Pembrolizumab had
acceptable safety in PD-L1 positive esophageal cancer patients. The objective response rate
for mid-term analysis was approximately 30% with a sustained response period of up to
40 weeks [33]. These results laid the foundation for the continued completion of checkpoint
inhibitor regimens pivotal study in esophageal cancer patients.

CTLA-4, also known as CD152, belongs to the immunoglobulin superfamily and serves as
an immunological checkpoint. When activated CD4+ helper T cells express CTLA-4, this
kind of cells sends inhibitory signals to T cells [34]. High CTLA-4 expressing CD4+ Treg cells
block T cells by reducing IL-2 secretion and downregulating IL-2 receptor expression then
retard T cells in G1 phase of the cell cycle [35]. Ipilimumab and tremelimumab have two fully
humanized monoclonal anti-CTLA-4 antibodies that have already received FDA approval
for the treatment of melanoma and mesothelioma [36, 37]. A survey of tremelimumab has
been completed in phase II clinical trials for treating advanced gastric and esophageal cancer
(n = 18). Although only a 5% response rate was observed, four patients were controlled and
one patient was observed with partial remission (25.4 Mo) after treatment and continued for
several months [38]. The results of ongoing clinical trials are expected to further highlight the
clinical value of monoclonal anti-CTLA-4 antibodies in esophageal cancer.

2.4. Vaccine regimens

Tumor vaccine treatment involves the administration of TAAs into patients thus triggering
specific anti-tumor immune responses. Rosenberg et al. [39, 40] conducted a comprehensive
review of 1306 cancer vaccine usage studies conducted before 2004 and found that the overall
target response rate was only 3.3%. The explanation may be that these immune cells have low
affinity or are inhibited by endogenous factors like the checkpoints mentioned above.

For the treatment of esophageal cancer, some vaccine-based clinical trial reports have been
published. A Phase I clinical trial of 10 patients with refractory stage III or IV esophageal
squamous cell carcinoma treated with peptide vaccine found that 9 patients developed
antigen-specific T cell immune response. One of the patients with liver metastases showed
complete remission for 7 months, another had partial remission within all metastatic lung
lesions, and 3 patients had progression-free survival lasting 2.5 months. The peptide vaccine
used was derived from three HLA-A24-restricted cancer testis antigens (TTK protein kinase,
lymphocyte antigen 6 complex locus K, and insulin-like growth factor-Il mRNA binding
protein 3) [41]. The multicenter, phase II clinical trial of the vaccine evaluated the OS, PFS,
and immune response after vaccinations in patients with HLA-A*2402 positive and negative
esophageal squamous cell carcinoma, and immune response was observed in HLA-A*2402
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positive patients (n = 35), but there was no statistical difference in OS compared to HLA-
A*2402-negative patients (n = 25) (4.6 mo vs. 2.6 mo, P > 0.05), yet there is a significant dif-
ference in PFS (P = 0.032) [42]. In a tumor vaccine trial hosted by Saito et al. [43] (n = 20),
4 patients with high levels of MAGE-A4 or MHC class I antigen in autologous tumor cells
not only showed MAGE-A4 specific immune responses after vaccination, but compared with
patients without using antibodies, their OS was also significantly prolonged. Wada et al. [44]
used NY-ESO-1 as a cancer vaccine in 8 patients with esophageal cancer. The results showed
that 7 patients had an immune response. Of the 6 patients evaluated for efficacy, 1 patient
experienced partial remission, 2 patients continued to maintain progression-free status, and 2
patients had mixed clinical responses. Given the preliminary results of these peptide vaccines
in clinical trials, safety inspections and the related researches combined with radiotherapy
and chemotherapy are also being carried out gradually in treating multiple cancer types
including esophageal cancer.

2.5. Adoptive cell therapy regimens

The concept of ACT (adoptive cell therapy) was first proposed by Dietrich et al. [45]. It refers
to the treatment of utilizing autologous or allogeneic immune cells by infusing them back
into the patients after being amplified in vitro by certain means. Currently effector cells can be
divided into two categories: the first type is non-specific immune cells, including autologous
lymphokine-activated killer cells (LAK), cytokine-induced killer cells (CIK) and NK cells.
Cells are isolated from peripheral blood cells and are stimulated by lymphokines or cyto-
kines; another type of effector cells is antigen-specific T cells, including TILs, cytotoxic T cells
(CTL) and genetically engineered T cells including T cell receptor transferred T-cells (TCR-T)
and CAR-T [46].

The first ACT trial in human improved the survival of patients with metastatic cancer by rein-
troduction of CIK and recombinant IL-2 to their body, which has been successfully applied to
the treatment of refractory metastatic melanoma, and for other types of cancer such as glioma,
renal cell carcinoma, non-small cell lung cancer, etc. The objective response rate varies from 20
to 72% [47], encouraging its further usage in esophageal cancer, too.

So far, ACT treatment of esophageal cancer has been evaluated in several clinical trials. In
the first published study by Besser et al. [48] and Toh et al. [49], mononuclear cells were iso-
lated from peripheral blood of esophageal squamous cell carcinoma patients and were given
autologous tumor cell stimulation in vitro. Latter results showed that half of the patients had
an objective response, and 36% of the subjects achieved complete remission or partial remis-
sion. CTL and TIL cells are now hot spots for carrying out immunotherapy for solid tumors
as the mechanism of killing tumor is rather clear.

TCR-T cells transduce the a and {3 chains of the antigen-specific high-affinity TCR into T
cells and express them on the cell surface, thereby effectively identifying and killing the
tumor cells expressing the antigen. Currently, the most common TAAs found in esophageal
cancer are cancer testis MAGE-A3/4 and NY-ESO-1. Several studies [50, 51] showed that
the expression ratio of MAGE-A3 in esophageal cancer was about 90%, and the expression
rate of NYESO-1 in esophageal cancer was up to 40-90%. A preliminary phase 1 clinical trial
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of genetically engineered T cells was carried out by Kageyama et al. [52], TCR-T cells were
readopted to patients with MAGE-A4-positive recurrent esophageal cancer, and adminis-
tered the MAGE-A4 peptide vaccine subsequently, the level of TCR-T cells in the peripheral
blood of 10 subjects was monitored for 5 months, and 5 of them were able to detect specific T
cells continuously. Seven subjects appeared tumor progress after 2 months of treatment, but
another 3 subjects survived more than 27 months.

CAR-T is another type of genetically engineered T cells. CAR-T was obtained by translocating
chimeric antigen receptor such as CARs into T cells. Gross et al. [53] successfully constructed
the structure of CARs into T cells for the first time to exert their specific killing function. Up
to now, tens of clinical trial data of CAR-T treatment on malignant hematological malignan-
cies have been published. The Novartis’ tisagenlecleucel, a synthetic bioimmune product of
anti-CD19 CAR-T cells has been approved by FDA on treating relapsed/refractory B-cell acute
lymphoblastic leukemia (B-ALL) in 2017 [54]. The early generation of CAR-T therapy for solid
tumors did not appear ideal outcomes during clinical use [55]. The reasonable explanation
might be lack of unique TAAs in solid tumors, less efficiency and persistency of T cell hom-
ing to tumor sites, and the intratumoral immunosuppressive environment strongly inhibited
CAR-T cell function. Clinical trials targeting solid tumors using second or third-generation
CAR techniques had been limited, but some of the more significant clinical trials are carry-
ing out good results. Patients with metastatic or recurrent HER2-positive medulloblastoma
treated with HER2-CAR-T had came out with stable conditions [56]. Feng et al. [57] showed
the results of a clinical trial of an EGFR-CAR-T treatment for EGFR-positive relapsed/refrac-
tory NSCLC patients revealed partial remission in 2 of the 11 patients involved in the evalua-
tion and 5 patients had a stable condition ranging from 2 to 8 months. There were no obvious
adverse reactions in the entire clinical trial. In the treatment of esophageal cancer, no CAR-T
therapy-related studies have been conducted yet. However, anti-tumor targets are now erupt-
ing in esophageal cancer. Points such as HER2 can also provide references for future steps in
the development of research.

3. Combined treatment

Currently, comprehensive therapy shed light on tumor treatment to a large degree. Clinical
practice has proven that it is difficult to achieve the best results with any single treatment
method. Therefore, the principle of treatment for most tumors depends on comprehensive
treatment. Recent research results showed that the combined usage of immunotherapy and
chemotherapy in a variety of cancer treatment achieved better results than a single therapy,
it can not only reverse the immunosuppression effects caused by the late stage of the tumor,
increase the cross-presentation of tumor antigens, promote the proliferation of killer T cells
and make it more easy to kill tumor cells, but can also reduce the incidence of adverse reactions
from chemotherapy and reduce drug resistance of tumor cells to some extent. Combination
of chemotherapy and immunotherapy has been a common available method in some cancer
types. Neoadjuvant chemotherapy regimens together with HER2-targeted therapy achieved
pathologic complete response in relapse-free survival among patients with breast cancer [58].
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New treatment targeting specific mutant genes illustrated clinical success in a phase II study
of metastatic melanoma combined with interleukin-2 aldesleukin and BRAF inhibitor vemu-
rafenib [59]. The effectiveness of combined therapy can even cover the metastatic areas, in
melanoma brain metastases, complete intracranial response was observed after using dual
checkpoint-inhibition of talimogene laherparepvec (T-Vec), pembrolizumab and whole brain
radiotherapy. Additionally, immunotherapy also showed potential augmented effect plus
cryotherapy [60], focused ultrasound therapy [61] and photothermal therapy [62], etc. Tumor
vaccine also took another leap when combined with other immunotherapies, clinical results
showed that nivolumab in combination with talimogene laherparepvec (T-Vec) in resected
melanoma carried out better outcomes [63]. The clinical value of immunotherapy and radio-
therapy showed even more outstanding clinical effects, anti-tumor immune response was
enhanced by anti-PD-1 immunotherapy in recurrent nasopharyngeal carcinoma, showing
a bright prospect of further combination [64]. In treating esophageal cancer, there are also
many creative comprehensive treatment methods that are constantly developing. In patients
with drug-resistant esophageal cancer, a phase Ib/II study of low-dose decitabine-primed
chemoimmunotherapy showed undeniable safety and efficacy [65]. A combination therapy
of multi-peptide vaccine with chemoradiation therapy performed satisfying safety thus can
be an effective treatment for patients with unresectable ESCC [66]. Novel multitarget tyrosine
kinase inhibitor anlotinib in a third-line treatment of refractory advanced non-small-cell lung
cancer (RA-NSCLC) provided significant PFS benefits compared with placebo, and accom-
panied with acceptable toxicity [67]. Though has a guaranteed future, there need to be more
rational and effective trials of combinations to be excavated in the field of treating esophageal
cancer together with other solid tumors.

4. Conclusions and future directions

The success of immunotherapy in some tumors came from years of research deep into the
immune system and tumor itself and brought hope of healing cancer. It is worth mentioning
that several immune checkpoint blockers have been or are being approved by the FDA, and
it is expected that the next step will be to accelerate the pace of application of single drug
or other treatment modes in combination within clinical usage. However, opportunities and
challenges coexist, and there are still some key questions that have not been answered in
immunotherapy. First of all, many targeted cancer drugs that treat cancer need to be explored
to determine the biological dose that achieves the greatest clinical benefit with minimal toxic-
ity. Second, given that most of the current immunotherapy is mainly to activate anti-tumor
effects by activating the immune system, this kind of treatment requires patient to have some
degree of immunity before receiving the initial immunotherapy. Therefore, it is imperative
to fully evaluate patient’s immune status and find biomarkers that predict the effectiveness
of immunotherapy. In addition, there is abundant evidence that exposure to radiation and
chemotherapy drugs may affect the rate of DNA mutations in tumor cells, prompting the
formation of some new antigens. As the current immunotherapy is always combined with
radiotherapy and chemotherapy, determining the proper dose for each regimen is the prereq-
uisite for maximum benefit of combined therapy.
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Immunotherapy has a broad application prospect in the treatment of malignant tumors. The
high frequency of esophageal cancer mutations and the effective results of immunotherapy
highlighted in other gastrointestinal cancers provide strong evidence for the study of esopha-
geal cancer immunotherapy. Treatment strategies combined with existing or new treatment
modes will be the direction of future esophageal cancer treatment.
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Abstract

While surgery plays a major role in the treatment and potential cure of esophageal cancer,
esophagectomy continues to have a significant amount of morbidity compared to other
surgical oncology procedures. Efforts to improve morbidity and mortality from esopha-
gectomy include the Consensus Guidelines for Complications from Esophagectomies,
Enhanced Recovery after Surgery protocols as well as others. Although we strive to
improve morbidity and mortality after these surgeries, adverse events still occur. They
affect not only patient quality of life and increase cost of care for esophageal cancer but
also have a negative impact on overall cancer survival. This chapter reviews the preven-
tion of adverse outcomes from esophagectomies as well as discusses the management of
many complications that may occur more common to the operation.

Keywords: esophagectomy complications, prevention of esophagectomy complications,
management of esophagectomy complications

1. Introduction

Adverse events from esophagectomies directly impact patient quality of life, cancer recur-
rence/survival, hospital costs and resources, as well as require a great deal of energy from
those managing them [1, 2]. Prevention of surgical complications is of utmost importance;
however, adverse events from this major surgical procedure still occur, even in high-volume
centers or experienced hands. Mortality can range from 7 to 9% while morbidity ranges from
17 to 74% [3]. Prevention, early recognition, and adequate management of complications can
decrease mortality [4]. While many studies evaluate postoperative morbidity using even ran-
domized methods, randomized studies on the management of postsurgical complications are
bv nature extremelv limited.
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2. Selection of the appropriate patient and surgeon

2.1. The optimal patient

Patient optimization and use of appropriate selection criteria are key to minimizing post-
operative morbidity. Unfortunately, those risk factors for the development of esophageal
cancer may also put patients at an increased risk for postoperative complications. Risk factors
include age, elevated BMI, ECOG score/functional status, dyspnea, diabetes, chronic obstruc-
tive pulmonary disease, smoking, alkaline phosphatase level elevations, low serum albumin,
and increased complexity score [5-11]. However, age and performance status continue to be
the most commonly reported. Neoadjuvant treatments have not been consistently proven to
be a risk factor. While fibrosis often occurs after chemoradiation, potentially making surgical
resection more difficult, data showing optimal timing to surgery after neoadjuvant chemora-
diation and its affect on postoperative morbidity are mixed [12].

2.2. How to optimize the patient

Malnutrition has been reported in 57-80% of patients with esophageal cancer [13, 14]. Many
factors can be attributed to malnutrition prior to surgery and include patient factors, chemo-
therapy, radiation therapy, and tumor-related causes [15]. It is important to recognize that
even obese patients can suffer from malnutrition. While laboratory values and anthropomet-
ric measurements can be useful, their values can vary and therefore may not be clinically
relevant. Therefore, a weight loss of greater than 10% for 6 months or 5% for 1 month is
considered malnourished [16].

For the malnourished patient, preoperative optimization of nutrition through the advice of a
dietician is key, but other measures should be considered as well if a patient is unable to toler-
ate at least 50-75% of their caloric needs [15]. The preferred intervention should be handled in
a multidisciplinary setting and be initiated as early as possible. This decreases the amount of
weight loss, increases chances of completion of neoadjuvant therapies, and decreases hospital
admissions [17].

Recommendations to maximize oral nutrition intake include dividing daily oral intake into
five to six small meals where the patient is given enough time to eat, eating only foods with a
high nutritional content, paying attention to presentation and preparation of meals to make
food as desirable as possible, enriching meals and drinks and taking advantage of those days
where the patient feels like eating, modifying the consistency of foods to ease swallowing, pre-
venting fatigue, decreasing the risk of aspiration, eating non-irritating soft and smooth foods at
room temperature and maintaining oral hygiene for those with mucositis [15]. Patients should
also be advised to supplement meals with dietary supplements. The preoperative intake of
combined “immunonutrition” products consisting of arginine, glutamine, polyunsaturated
omega-3 fatty acids, nucleotides, and antioxidant micronutrients has been shown to decrease
postoperative infectious complications and length of hospital stay [15, 18, 19].

For those unable to tolerate adequate nutrition, even with optimization and supplementa-
tion, other interventions are needed. These include either stent placement or percutaneous,
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endoscopic, or surgical placement of feeding gastrostomy or jejunostomy tubes. Esophageal
stent placement has the benefit of being placed during endoscopic ultrasound, a common
staging procedure. While it may improve dysphagia in the neoadjuvant setting, chest pain can
occur and stent migration can be seen in up to 46% of patients [20]. although stent migration
can be problematic, it is often a sign of tumor response to neoadjuvant therapy, and therefore
the stent may not always need to be replaced. Other reported complications of stent place-
ment in the neoadjuvant setting include perforation, mediastinitis, bowel perforation from
migration, tracheo-esophageal fistula, and bleeding [21].

Jejunostomy and gastrostomy tube placement have been proven safe and effective for peri-
operative nutrition. These can be placed in the laparoscopic, open, endoscopic, or even per-
cutaneous settings. Endoscopic placement may be difficult if a patient has a severe malignant
stricture/obstruction, which is often the case when a patient is suffering from severe malnutri-
tion and unable to pass food or liquids through the site of tumor. Gastrostomy tubes have
the advantage of bolus feeding, which may improve quality of life. While gastrostomy tube
placement has been proven to be safe without increasing the risk of postoperative morbidity,
jejunostomy tube placement is often preferred given the stomach is the preferred organ for a
neo-esophagus. Jejunostomy tubes are often placed at the time of esophagectomy as well for
supportive care. However, some data support that the placement of jejunostomy tubes during
esophagectomy is not always necessary [22-24]. Unfortunately, tube feeds cannot be given in
boluses with jejunostomy tubes, which, if occurs, can lead to diarrhea and further dehydra-
tion. Patients therefore require an ongoing pump connection for feedings.

Smoking cessation is crucial to improving morbidity from esophagectomy. This may be most
beneficial if performed greater than 90 days before surgery [25]. Active smoking has also
been shown to increase recurrence rates of cancer after esophagectomy [26]. Therefore, smok-
ing cessation counseling and supportive programs are necessary when patients are being
assessed for esophagectomy.

2.3. The optimal surgeon/hospital

When deciding the optimal surgeon, it is important to understand that outcomes depend on
two major factors: experience and resources. It is well known that with increasing numbers of
esophagectomies performed, postoperative morbidity and mortality are improved. In addi-
tion, long-term survival can also improve [27]. While data show improved outcomes at higher
volume centers, this is inconsistent and may depend further on individual surgeon volumes
and hospital resources [28]. Begg et al. described low-volume hospitals as 1-5 esophagecto-
mies/year, medium volume 6-11 esophagectomies/year, and high-volume centers as those
performing >11 esophagectomies/year, with an improved mortality with increasing hospital
volumes [29]. Later, Birkmeyer et al. divided hospital volumes to <2 esophagectomies/year as
low-volume and high-volume centers as >19 esophagectomies/year [30]. The 2003 Leapfrog
Group recommended 13 esophagectomies/year as a minimum volume standard [31].
However, esophagectomies at mid-volume centers can also be safely performed, especially
with a two-surgeon approach [32]. Hospital type may also be important where improved
reoperation rates and mortality are seen when surgery is performed at University centers or
institutions centralizing esophageal cancer care [33-35].
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Early recognition and treatment of complications appears to be just as important as prevention
to improve mortality [36]. The recognition of postoperative problems improves with experience,
making hospital volumes as well as surgeon volumes important. With morbidity rates being high,
early intervention is of utmost importance to prevent further adverse outcomes or even death. In
fact, even in low-volume hospitals, mortality may remain low if adequate resources are available
[28, 37]. Therefore, these surgeries should only be performed at institutions well equipped to
handle the possible complications [38—40]. Ancillary departments that should be available in the
postoperative care may include gastroenterology, interventional radiology, cardiology, an astute
critical care team, and others. Resources readily available and proven to improve complications
also include nurse-to-patient ratios, where the incidence of pulmonary and infectious complica-
tions was shown to be increased when nurses had more than two patients [41].

2.4. Optimal surgical approach

Tumor location as well as surgeon experience often dictates the type of surgery performed.
Multiple accepted operative approaches to esophageal carcinoma include Ivor Lewis esopha-
gogastrectomy, McKeown esophagogastrectomy, transhiatal esophagogastrectomy, and
left transthoracic or thoracoabdominal approaches. Minimally invasive techniques include
laparoscopic and robotic esophagectomies. While minimally invasive esophagectomies have
been shown to be safe and effective with equivalent oncologic outcomes, robotic, rather than
laparoscopic approaches are becoming common [42-44]. However, one should be aware that
there is a learning curve when a surgeon is transitioning to minimally invasive esophagecto-
mies [45]. Transthoracic esophagectomies include the Ivor Lewis esophagogastrectomy and
the McKeown esophagogastrectomy. Morbidity varies on the location of the anastomosis
and if the transthoracic approach was used. While the transthoracic approach may have an
increased morbidity, it does allow for extended lymphadenectomies to be performed, pos-
sibly increasing long-term survival [10, 46] .

3. Prevention and management of complications

The Esophagectomy Complications Consensus Group (ECCG) is a group of 21 high-volume
surgeons from 14 countries that compiled a complete list of complications from esophagec-
tomies [3]. These adverse events are separated into pulmonary, cardiac, gastrointestinal,
urologic, thromboembolic, neurologic/psychiatric, infectious, wound/diaphragm, and others.
They also aimed to standardize the definitions and reporting of complications since reported
literature varied depending on adverse reactions and even mortality definitions. These defini-
tions were defined for anastomotic leak, conduit necrosis, chyle leak and vocal cord injury/
palsy. Given the large number of possible complications, this chapter reviews those more
common or even specific to esophagectomy.

3.1. Atrial fibrillation

Atrial fibrillation can occur in over 20% of patients undergoing esophagectomy, particularly
when the transthoracic approach is used [47, 48]. Its occurrence unfortunately can result in
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hemodynamic instability as well as put patients at an increased risk for stroke. Atrial Fibrillation
may also be an early warning sign for morbidity, especially anastomotic leak [49]. The mecha-
nism and pathophysiology of postoperative atrial fibrillation is incompletely understood,
although we know predisposing factors include advanced age, coronary artery disease, heart
failure, hypertension, mitral valve disease, and previous history of atrial fibrillation [50]. One
randomized, controlled trial showed that the preoperative use of amiodarone via IV infusion
significantly reduced the incidence of atrial fibrillation; however, no differences were seen
in median hospital stay, ICU stay, or adverse events [51]. In a study evaluating amiodarone
administration through the jejunostomy tube postoperatively, there was only a trend towards
lower occurrence and a shorter length of stay [52]. Beta-blockers should be continued for the
prevention of atrial fibrillation as well if a patient is already taking them, but may require a
reduced dose for the prevention of hypotension, especially with epidural anesthesia. Calcium
channel blockers, particularly diltiazem, can also be used for the prevention of atrial fibrillation
and may have less effect on blood pressure than other calcium channel blockers or beta-blockers
[53]. If atrial fibrillation occurs, amiodarone, calcium channel blockers, and beta-blockers are all
treatments to be considered, depending on the patient’s hemodynamics.

3.2. Respiratory failure/pneumonia/prolonged ventilation

Respiratory complications in patients undergoing esophagectomy can be problematic and are
often causes of mortality. When patients need to be reintubated, many require bag ventilation
or positive pressure prior to intubation, which may cause insufflation of the esophagus and
stomach, placing pressure on the anastomosis or staple lines. For that reason, CPAP is often
avoided as well. Direct airway visualization during reintubation is also important to prevent
mechanical injury in case the esophagus is intubated rather than the trachea, especially if a
cervical anastomosis is performed.

Pneumonia has been shown to significantly increase mortality compared to other complica-
tions, even anastomotic leak [6, 8]. Unfortunately, it can also be the most common postop-
erative complication and cause for respiratory failure and prolonged ventilation [7]. The
American Thoracic Society and American Infections Diseases Society define pneumonia into
hospital-acquired pneumonia (HAP), ventilator-associated pneumonia (VAP), and health-care-
associated pneumonia (HCAP) [54]. The revised Uniform Pneumonia Score aims to define
pneumonia occurring after esophagectomies and includes temperature, leukocyte count, and
pulmonary radiographic findings [55]. Prevention, early recognition, and treatment as well as
correction of causes are key.

Aspiration is a major cause of pneumonia. This occurs more often with a cervical anasto-
mosis, especially with recurrent laryngeal nerve injury. Recurrent laryngeal nerve palsy can
occur secondary to stretching, thermal injury, or even compression. If occurs, patients may
suffer from hoarseness as well as pulmonary complications such as dyspnea and aspiration,
which puts them at an increased risk for pneumonia and reintubation/prolonged ventilation.
However, recurrent laryngeal nerve injury may not always present as obvious hoarseness,
as we know from thyroid surgery data, and therefore its occurrence may be underreported.
The ECCG defines vocal cord injury/palsy as a vocal cord dysfunction postresection where
confirmation and assessment are achieved by direct examination [3]. There are three types
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of injuries/palsies that are each further separated into unilateral (A) and bilateral (B): Type 1
includes a transient injury requiring no therapy, where only dietary modifications are needed;
Type 2 is an injury requiring elective surgical procedures such as thyroplasty or medialization
procedures; Type 3 is an injury requiring acute surgical intervention due to aspiration or
other respiratory issues that include thyroplasty or medialization procedures. Injury to the
left recurrent laryngeal nerve is most common and is mainly associated with esophagecto-
mies that include cervical anastomoses or dissections, McKeown-type operations. Therefore,
prevention may include performing thoracic anastomoses or careful dissection and preven-
tion of injury from the above causes. The early recognition of injury and treatment (which
may include medialization of the vocal fold) may prevent aspiration and pneumonia and
therefore may be of benefit early in the postoperative course [56, 57].

Other causes of respiratory failure or shortness of breath can include ARDS, cardiac causes,
pleural effusions, pneumothorax, phrenic nerve injury, or fistula. Other infections can put
patients at risk for ARDS (acute respiratory distress syndrome), and cardiac causes may also
result in respiratory failure and need for reintubation. If ARDS occurs, the cause should be
evaluated, including examining for other infections (urine, leak, etc.). If cardiac in nature, most
commonly secondary to atrial fibrillation, heart rate control is usually necessary to alleviate
symptoms. Pleural effusions and pneumothorax are common and can be managed with chest
tube placement or percutaneous radiologic drainage, depending on the size of the effusion or
pneumothorax. If effusions occur simultaneously with anastomotic leak, adequate drainage
should be performed to prevent empyema and life-threatening mediastinitis. While phrenic
nerve injury is rare, immediate surgical intervention is not always needed. However, patients
may require tracheostomy placement for pulmonary conditioning. It is also important to
remember that patients are at an increased risk for deep vein thrombosis and even pulmonary
embolism. This may occur prior to or even after esophagectomy. Perioperative prophylac-
tic anticoagulation should be administered in the perioperative setting to prevent deep vein
thrombosis/pulmonary embolism. Tracheoesophageal fistula should also be considered, espe-
cially later in the recovery period or in a complicated postoperative recovery setting.

Impaired lung function is a significant risk factor for pulmonary complications [8]. With pre-
operative chemoradiation, pneumonitis can occur, making patients at an increased risk for
postoperative respiratory failure and pneumonia [8]. While some degree of inflammation is
often seen in preoperative imaging, assuring patient lung function has not decompensated
is prudent. This can often cause delays in surgery; however, allowing the recovery of lung
function may improve postoperative pulmonary failure.

Consistent with the recommendations of the Enhanced Recovery After Surgery pathways,
intravenous fluid administration should be minimized to improve time to return of bowel
function and decrease the length of hospital stay. Excessive fluid administration/fluid over-
load should also be considered in all patients with acute respiratory failure since the admin-
istration of diuretics may quickly improve symptoms.

3.3. Anastomotic leak/conduit necrosis

Anastomotic leak after esophagectomy can be difficult to manage and has a major impact
on patient quality of life as well as may affect long-term survival [58, 59]. Incidence varies
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from 5.7 to 14.3% with a higher incidence in cervical anastomoses versus thoracic [60]. The
International Study Group for Rectal Cancer proposed the verbiage of anastomotic leak as,
“A defect of the integrity in a surgical joint between two hollow viscera with communication
between the intraluminal and extraluminal compartments,” which was later validated and
expanded to the entire gastrointestinal tract [61]. Lerut et al. with the Surgery Infection Study
Group defined anastomotic leak severity as Type 1, a radiological leak without any clinical
findings; Type 2 with minor clinical findings of local inflammation (cervical wound) or X-ray
showed suppressed leak (thoracic anastomosis); Type 3, a major clinical leak with severe
disruption and sepsis; Type 4, conduit necrosis seen by endoscopic confirmation [62]. The
Early Complications Consensus Group (ECCG) defined anastomotic leak as a full-thickness
GI defect involving esophagus, anastomosis, staple line, or conduit, irrespective of the presen-
tation of the method of identification [3]. Type 1 includes a local defect requiring no change in
therapy or treated medically or with dietary modification. Type 2 is a localized defect requir-
ing interventional but not surgical therapy (interventional radiology drainage, stent or bed-
side opening and packing of incision). Type 3 is a localized defect requiring surgical therapy.

Many patient factors as well as peri- and intraoperative factors can contribute to anastomotic
leak. Patients at an increased risk for anastomotic leak include those with increased comor-
bidities, advanced pathologic stage, prior esophagogastric surgeries, and active smoking [63].
Patient factors can include preoperative malnutrition, diabetes, prolonged hospitalization,
hypotension, hypoxemia, preoperative chemotherapy, preoperative chemoradiation, and age.
Technical factors also impacting the rate of anastomotic leak include the location of the anas-
tomosis, surgery type, tension on the anastomosis, the type of anastomosis (hand sewn vs. sta-
pled), arterial and venous insufficiency, excessive bleeding, and surgeon experience. While leak
incidence may be higher in a single-layer anastomosis, the incidence of stricture may be higher
in a double-layer anastomosis [64-66]. While data are mixed, the incidence of leak and stricture
may also be lower with a stapled anastomosis [67, 68]. Postoperative factors may include gastric
distention, external compression, infection, re-exploration for bleeding, prolonged mechani-
cal ventilation, and continued hypoxemia and hypotension [69]. Technical considerations to
decrease the rate of anastomotic leak may include anastomotic support with omentum, pleura,
pericardium, and fat tissue. Prospective randomized studies have shown that omental wrap-
ping of the anastomosis may decrease the rate of leak or even stricture [70, 71].

Diagnosis can be made by clinical suspicion if a patient presents with fevers, leukocytosis,
empyema, pleural effusion, pneumomediastinum, increased drainage from the chest tube
(bile or other gastric contents), the presence of enteric bacteria or bacterial culture or tachycar-
dia. The early detection of anastomotic leaks may also include CRP/ESR elevation, an increase
in procalcitonin level, and leukocytosis extending past the second and fifth postoperative
days, respectively [72, 73]. While contrast esophagogram can be performed to determine sub-
clinical leaks, caution is advised given the risks of aspiration [4, 74]. A barium swallow can
be performed to detect an anastomotic leak; however, its sensitivity can be relatively low and
may often be performed too early to detect [75, 76]. The oral intake of methylene blue may be
used given it is otherwise nontoxic. CT scan with oral contrast may also be helpful and show
contrast extravasation as well as concerning areas for infection.

The etiology of the leak is vital to ascertain where patients with conduit tip necrosis or
complete conduit ischemia may require different interventions. This often requires direct
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visualization with EGD for conduit evaluation as well as evaluation of the defect size. The
ECCG defines conduit necrosis into three types, with recommendations for specific treat-
ments: Type 1 includes a focal conduit necrosis that is identified endoscopically, requiring
only additional monitoring or nonsurgical therapy; Type 2 includes focal conduit necrosis
that is identified endoscopically and is not associated with free anastomotic or conduit leak.
Surgical therapy not involving esophageal diversion is performed; Type 3 includes extensive
conduit necrosis that is treated with conduit resection and diversion [3].

If a leak occurs, source control with drain placement with or without operative interven-
tion remains key to preventing mortality. For this reason, intraoperative drain placement for
detection and source control is common. Management often is determined by anastomotic
location; however, mediastinitis can occur with both intrathoracic and cervical anastomoses,
a possibly fatal diagnosis for which requires close monitoring and rapid evaluation and treat-
ment. Turkyilmaz et al. created algorithms to help guide treatment for anastomotic leak. For
cervical anastomoses, a limited leak that is clinically occult may be managed with antibiotics,
dressing changes, and cleansing with oral isotonic fluid. If there is a clinically prominent cervi-
cal leak, antibiotics, opening of the cervical wound, drain placement, nasogastric decompres-
sion, nutritional support, and cleaning are typically needed. For cervical anastomotic leaks
that have intrathoracic complications and clinical sepsis failing to improve, drain placement,
stent placement, decortication, resection/diversion or resection/colonic interposition may be
needed. For thoracic anastomoses, if a contained leak with less than 30% disruption, injection
with fibrin glue, endoclips, or stents can be used for management. However, if the defect is
larger, drainage and esophageal stent placement can be performed followed by surgery if
stent placement and drainage are unsuccessful (can include primary or supporting tissue
repair). However, if the anastomosis has a greater than 70% disruption, surgery including
drainage and primary repair should be performed first with esophageal diversion with pos-
sible colonic interposition if unable to be performed [69].

With the use of self-expanding metal stents, endoscopic management alone has become pos-
sible for anastomotic leaks/disruptions. Covered stents can be placed to control the leak, pre-
venting further seeding into the mediastinum for both cervical and thoracic anastomoses. If
well controlled, oral intake may also be safe. However, stent migration can occur, requiring
retrieval and replacement [77]. Stent use may be limited in large defects (which may occur
from conduit necrosis or staple line disruption). It is also important to understand that lumen
caliber differences between the esophagus and gastric conduit can result in the reflux of gas-
tric contents around the distal aspect of a stent. This unfortunately may not be seen with
an esophagogram, but rather be noticed with other imaging such as CT after the reflux of
contrast and gastric contents occur and may be delayed. Therefore, other options for control
have emerged including endoscopic vacuum-assisted closure devices and may even be more
effective than stent placement [78-81].

3.4. Fistula

In addition to source control, the awareness and prevention of esophago/gastrotracheal fis-
tula is also necessary. This can occur from infection itself or even the erosion of foreign mate-
rial (stent, staples, etc.) into the trachea. One should be suspicious in patients with frequent
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uncontrolled coughing, especially after swallowing, or “Ono’s sign” [82]. Workup and diag-
nosis can include an upper gastrointestinal X-ray with oral contrast or even direct visualiza-
tion with esophagoscopy or bronchoscopy. Prevention may include a pleural wrap around
the anastomosis at the time of original operation or even at the time of reoperation if a leak
occurs and anastomotic repair is possible. If reoperation is not performed, stent placement
may help control symptoms and healing [83]. However, distal feeding tube placement and
resection may be needed. Treatment is necessary to prevent recurring pneumonia.

3.5. Delayed gastric emptying

Delayed or inappropriate gastric emptying can occur secondary to the disruption of vagal
nerve complexes to the stomach. This can result in delayed emptying of the stomach, which
affects not only patient quality of life and inability to obtain oral nutrition but also can put
patients at an increased risk for reflux of gastric contents and even aspiration. The most com-
mon options for the management of the pylorus include pyloromyotomy, pyloroplasty, intra-
pyloric botulinum toxin injection as well as no intervention. While one multicenter study
showed no significant difference between pyloroplasty, botulinum toxin-injection, and no
pyloric treatment, one study did show that intra-pyloric botulinum toxin can increase the risk
of postoperative reflux and increase the use of promotility agents and endoscopic interven-
tions [84, 85]. While delayed gastric emptying can occur anywhere from 10 to 50%, it also can
be successfully managed with prokinetic agents (75%) and endoscopic dilation [86].

3.6. Chyle leak/chylothorax

With the thoracic duct being the largest lymphatic vessel in the body as well as being located
in the chest, posterior to the esophagus, injury can occur. Its location, however, often varies.
The incidence of chyle leak is rather low (1-4%); however, when it occurs, it can be very prob-
lematic [87]. Chyle contains triglycerides in the form of chylomicrons as well as lymphocytes.
Chyle leaks can result in malnutrition (with continued protein loss), immune compromise,
hypovolemia, electrolyte abnormalities, hypoalbuminemia, lymphopenia, and infection [88].
The ECCG defines a chyle leak into three different types, where output <1 L/day is further
classified as “A,” and “B” is further classified as >1 L/day [3]. Type 1 leaks can be managed
with enteric dietary modifications alone. Type 2 can be managed with total parenteral nutri-
tion. Type 3 requires management with interventional or surgical therapy.

Following esophagectomy, drainage from a chest tube of >500 mL/day is suggestive of a chyle
leak; however, the measurement of chylomicrons or triglycerides is most commonly utilized
[89]. A measurement of >4% chylomicrons or fluid containing >100-110 mg/dL of triglycer-
ides is typically considered indicative of a chyle leak. Since a chyle leak may present with
increased serous or even serosanguinous drainage while fasting, a clinical diagnosis can be
made by the oral intake of cream followed by milky drainage from the chest tube/drains.

Prevention unfortunately is difficult. Selective en masse ligation has been shown to reduce the
rate of chylothorax [90]. Also, the preoperative oral administration of cream may help iden-
tify the thoracic duct to aid in the prevention of its injury or to identify the thoracic duct for
prophylactic ligation [91]. The initial management of a chyle leak usually includes drainage as
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well as TPN and bowel rest. Decreasing oral or enteral fat intake decreases the flow of chyle
through the leak, possibly allowing spontaneous closure [92]. Long chain fatty acids should
be avoided with diets supported by high percentages of medium-chain triglycerides since
they are typically absorbed directly into intestinal cells, bypassing the thoracic duct [87]. If
conservative management is not successful, surgical intervention may be necessary, especially
if the fistula is of high output. Aggressive surgical intervention should be performed if chyle
output is >1.5 L/day for >5-7 days [93]. Surgical intervention includes thoracotomy or thora-
coscopic thoracic duct ligation on the side of the chylothorax. This is usually assisted by the
preoperative administration of cream or lipophilic dye to help identify the thoracic duct. If
the leak can be localized, this may be controlled with clips or suture; however, if the leak is
unclear, ligation of the thoracic duct just cephalad to the aortic hiatus is recommended [94-96].
Pleurodesis can also be performed at the time of ligation as well.

Radiologic-guided/percutaneous embolization is becoming more popular, especially for
patients who are poor operative candidates. This includes lymphangiography followed by
transabdominal percutaneous needle cannulation, although a retrograde subclavian vein
approach can be used [97, 98]. Once the cisterna chyli is canalized, a catheter is advanced into
the thoracic duct and contrast used to identify the leak. Embolization can then be performed.
Since surgical intervention to ligate the thoracic duct using thoracoscopy or a thoracotomy
can result in increased morbidity and mortality, thoracic duct embolization has become
increasingly more popular when conservative management fails.
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Abstract

Gastric reflux may be considered a para-physiological event that may occur up to 50 times
a day. It usually happens when gas (less commonly liquids) flow back from stomach
into esophagus. However, when defense mechanisms leave, disease may progress. If the
esophagusis the trigger, gastroesophageal reflux disease (GERD) emerges. The prevalence
of GERD in the primary care setting seems to be even more evident when one considers
that, in the United States, 4.6 million office encounters annually are primarily for GERD,
whereas 9.1 million encounters include GERD in the top 3 diagnoses for the encounter.
GERD constitutes also the most frequently first-listed gastrointestinal diagnosis in ambu-
latory care visits. In addition, the extraesophageal manifestations of reflux, including
LPR, asthma, and chronic cough, have been estimated to cost $5438 per patient in direct
medical expenses in the first year after presentation and $13,700 for 5 years. Presently, the
newest alginate compounds renowned the interest in this attracting and stimulating area.
In this regard, a new medical device (Marial®), unique still now possessing the indica-
tion for both GERD and LPR, has been recently launched in the Italian market, two large
surveys were conducted in Italy: RELIEF, involving 86 otolaryngologists, and EMERGE,
involving 56 gastroenterologists. The aims of these surveys were: (1) to define clinical
characteristics, including previous treatment, of the patients referred to consultation; (2)
to evaluate the reliability of RFS, GIS, and RSI questionnaires in real-world settings, such
as specialist office; and (3) to investigate the patients” perception of efficacy of the pre-
scribed therapy, based on the best practice and considering also the new medical device
Comparing the patients” perception of treatment efficacy, reduction in RSI values for each
single symptom before and after a 4 week-treatment with Marial® alone or with PPI in
add-on in EMERGE and RELIEF patients are reported. Marial® alone treatment induced
a statistically significant higher reduction in each single symptom in RELIEF patients than
in EMERGE patients, with the exception of heartburn, chest pain, indigestion, or stomach
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acid coming up. Similar results were obtained evaluating the reduction in RSI values in
patients treated with PPI in add-on that was able to determine a higher statistically sig-
nificant decrease in RELIEF than in EMERGE patients in each single symptom, with the
exception of heartburn, chest pain, indigestion, or stomach acid coming up.

Keywords: regenerative medicine, GERD, LPR

1. Background

Actually, gastric reflux may be considered a para-physiological event that may occur up to
50 times a day. It usually happens when gas (less commonly liquids) flow back from stom-
ach into esophagus. However, when defense mechanisms leave, disease may progress. If
the esophagus is the trigger, gastroesophageal reflux disease (GERD) emerges. On the other
hand, laryngopharyngeal reflux (LPR) is considered an extraesophageal manifestation of the
GERD. Both GERD and its extraesophageal manifestation are very common in clinical prac-
tice. Both disorders have a relevant burden for the society: many pharmaco-economic studies
were conducted in the United States. In population-based studies, 19.8% of North Americans
complain of GERD symptoms, including heartburn and regurgitation, at least weekly [1].
Likewise, in the late 1990s, GERD accounted for $9.3 to $12.1 billion in direct annual health-
care costs in the United States, higher than any other digestive disease. Consequently, acid-
suppressive agents are still the leading pharmaceutical expenditure in the United States.

The prevalence of GERD in the primary care setting seems to be even more evident when one
considers that, in the United States, 4.6 million office encounters annually are primarily for
GERD, whereas 9.1 million encounters include GERD in the top 3 diagnoses for the encounter.
GERD constitutes also the most frequently first-listed gastrointestinal diagnosis in ambula-
tory care visits [2, 3]. In addition, the extraesophageal manifestations of reflux, including LPR,
asthma, and chronic cough, have been estimated to cost $5438 per patient in direct medical
expenses in the first year after presentation and $13,700 for 5 years. Estimates of the economic
burden of extraesophageal reflux have shown that expenditures for extraesophageal manifesta-
tions of reflux could surpass $50 billion, 86% of which could be attributable to pharmaceutical
costs [2, 3]. In addition, the National Health Care Survey carried out by the Center for Disease
Control and Prevention has reported that the main complaint for primary care patient visits was
cough in 6.1%, throat symptoms in 4%, and asthma in 2.8% [4]. Within these visits for cough,
asthma, and throat symptoms are contained the hidden prevalence of extraesophageal manifes-
tations of GERD, which to date have not been adequately addressed from a medical or surgical
perspective due to their perceived obscurity. Therefore, the gastric reflux, globally understood,
represents a very important medical issue that deserves adequate attention in daily practice.

From a pathophysiological point of view, gastric reflux includes different mechanisms, such
as the provocation and perception of reflux. The transient lower esophageal sphincter relax-
ations (TLESR), hiatus hernia, acid pocket, visceral hypersensitivity, and obesity represent
important causes of gastric reflux. Impaired esophageal, and extraesophageal, mucosal
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integrity, poor esophageal clearance, and delayed gastric emptying could be associated with
GERD development. In addition, another pathogenic factor is a neural reflex sustained by
acid exposure: the so-called Reflex-Reflux [5].

Distinguishing whether cough, LPR, and asthma may be sustained by GERD remains dif-
ficult challenging for both the primary care physician and the specialist. The distinction
between them is clinically relevant as treatment of GERD with the intent of improving or
curing extraesophageal manifestation could be ineffective. To review the current literature on
extraesophageal manifestations of reflux should assist in clinical decision making.

The Montreal Classification gave the most recent consensus definition of GERD. This document
defines GERD as heartburn symptoms or complications resulting from the reflux of gastric con-
tents into the esophagus, up to the oral cavity, and lungs [5]. GERD is again classified into two
subgroups. The first subgroup is represented by GERD with heartburn symptoms but without
endoscopic evidence of mucosal erosions (the so called Non-Erosive Reflux Disease or NERD).
The second sub-group is GERD with heartburn symptoms accompanied by objective evidence
of erosions, ulcers, and inflammation (the so called Erosive Reflux Disease or ERD) [6].

It has to be considered that functional heartburn might fall under endoscopic negative disease.
However, it is important to note that it is a distinct entity from NERD. NERD is usually defined
as typical reflux symptoms without evidence of reflux disease in endoscopy but abnormal acid
exposure on the impedance-pH monitoring and is responsive to proton pump inhibitors -
PPI [7, 8]. Functional heartburn on the other hand, as defined by Rome IV classification, is a
retrosternal burning discomfort or pain refractory to anti-secretory therapy without presence
of GERD, histopathologic abnormality, motility disorder or structural abnormality for at least
3 months with symptoms onset at least 6 months prior to the diagnosis [5].

As just defined, stomach content may also reflux outside of the esophagus into respiratory
organs, such as extraesophageal reflux, including LPR. LPR is most commonly manifested as
laryngeal symptoms such as coughing, hoarseness, dysphagia, globus, and sore throat, but
there can be signs also of nose, sinus, ear, and eye involvement [9]. Epidemiological stud-
ies have shown that the prevalence of this LPR may be extremely high, that it has certain
characteristics of an outbreak and that it is one of the most common causes of patient visits to
their family medicine physicians, but also to otolaryngologists, gastroenterologists, pediatri-
cians, pulmonologists, allergists, and psychiatrists [1, 10-13]. Today it has been proven that
gastroesophageal reflux is not the only cause of LPR. LPR is a multifactorial syndrome with
a vast clinical representation, during the disease and with complications, so it requires and
deserves a multidisciplinary approach. Based on newly discovered findings about the spe-
cific pathogenesis of the disease, LPR may be considered a new clinical entity [11-13]. As
once pointed out, GERD is caused by the lower esophageal sphincter dysfunction and the
dysfunction of the stomach emptying mechanism. Esophageal mucosa has protective mecha-
nisms against aggressive factors of the stomach content (mucosal barrier) and it remains intact
when a physiological reflux occurs, which normally happens at night. However, laryngeal
and pharyngeal mucosa do not possess the esophageal protective mechanisms, so acid and
peptic activity of the stomach content quickly leads to mucosal lesions. Notably, laryngopha-
ryngeal reflux occurs most commonly during the day as a result of the upper esophageal
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sphincter dysfunction. This aspect is intriguing as typical GERD symptoms usually occur
in supine position and overnight. However, acidity of the stomach content is not the only
cause of LPR. Pepsin with its proteolytic effects can be the determining factor. Other pos-
sible etiological factors are pancreatic proteolytic enzymes, bile salts, and bacteria [1, 13, 14].
Extraesophageal manifestations of stomach content reflux have only recently started being
seen as important based on the assumption of their important role in causing respiratory tract
diseases. In clinical practice, LPR is mostly not recognized because it may be a “silent reflux”
and diagnostic and therapeutic protocols are still inadequate, so proper treatment is usually
delayed. Laryngeal symptoms are the most common, so patients are managed by otolaryngol-
ogists. Indeed, otolaryngologists have developed the diagnostic Reflux Symptom Index (RSI)
questionnaire based on the importance of certain disease symptoms and the Reflux Finding
Score (RFS) based on frequency of pathological changes determined by laryngoscopy [15]. On
the other hand, considering the high prevalence of the disease and uncharacteristic clinical
image, most patients report to their family medicine physicians [14-17]. For family medicine
physicians LPR represents an important medical problem and a challenge in fast diagnostics,
proper treatment, and proper selection of patients who require additional multidisciplinary
diagnostic procedures. Knowledge of pathogenic pathway of the disease and its clinical mani-
festations can help physicians in creating an adequate program for prevention, early diagnosis,
and adequate therapy for LPR. In particular, it has to be considered that untreated LPR can be
one of the etiological causes of laryngeal cancer. The development of the disease can be benign
or malignant and life threatening, and all of its forms can considerably affect life quality in
patients. Laryngeal pathological changes could be discovered with laryngoscopy, and some
even with detailed esophagogastroscopy. These changes may include: edema, hyperemia, or
erythema of the vocal chords and laryngeal edges, ventricular obliteration, granulation, pres-
ence of dense endolaryngeal secretion, and hypertrophy of the posterior commissure [10, 15].
As consequence, an appropriate diagnosis of LPR represents a challenge for general practitio-
ner and specialists. A large number of clinical studies confirmed low specificity and sensitiv-
ity of diagnostic tests such as laryngoscopy, esophagogastroscopy, proximal pH monitoring
(hypopharyngeal and oropharyngeal). Evaluation of symptoms using the Reflux Symptom
Index is considered to be the basic diagnostic procedure. A newer method of measuring sali-
vary pepsin (Pep-test) can confirm LPR diagnosis because its sensitivity and specificity is 87%
[13]. In this regard, it has to be noted that pepsinogen is produced only in the stomach, so
pepsin may be envisaged as a specific biomarker for gastric reflux. The Pep-test is a fast and
non-invasive method and could have a wide variety of uses in primary health care.

LPR therapy is complex and requires also modification of the patient’s lifestyle and habits.
Body weight reduction and physical activity, quitting cigarettes and alcohol use are one of
the first steps in lowering the intensity of symptoms in patients [17]. Nutritional interven-
tions with correct food choices and bowel movement regulation lead to lowering dyspeptic
complains, but also lower the number of reflux episodes. Emptying of the bowels causes
lower intra-abdominal pressure, which leads to lower possibility of stomach content reflux
into the esophagus, larynx and pharynx. Obesity, or more precisely high BMI, so includ-
ing overweight, is an independent factor in stomach reflux occurrence because of its specific
effect mechanism on the gastroesophageal juncture [17]. LPR treatment and management is
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supposed to reduce the acidity or stomach contents and neutralize acid-peptic activity in
larynx, pharynx and esophagus. High dosages of PPI (proton pump inhibitors) have shown
the best effects in reducing reflux in the course of 24 h. Alkaline water and alginates show a
positive additional effect in lowering acid-peptic activity in the larynx and pharynx. Patients
are supposed to have long-term treatment during the course of 6 months because of high sen-
sitivity of the mucosal membrane in the stomach and pharynx. Difficult cases with a proven
hiatal hernia can be considered for surgical treatment as well [6].

Therefore, acid suppression is the mainstay of therapy for gastric reflux, and PPIs are the
most effective drug in this approach [18, 19]. Although PPIs are the treatment of choice for
GERD, still approximately one-third of patients with GERD fail to respond symptomatically to
a standard dose PPI, either partially or completely [20]. Actually, NERD accounts for 60-70%
of GERD patients and is considered the most common presentation of GERD. However, only
approximately 30-40% of NERD patients respond to a standard dose of PPls, much lower than
that in erosive esophagitis, and the low response rate to PPIs in NERD patients is the main con-
tributor to the high portion of PPI failure phenomenon in GERD, and also LPR, management
[21]. The mechanisms of failure of PPI therapy are complex and multifactorial [20, 22-24].
Consequently, other medications should be considered and used. In this context, alginates and
histamine type-2 receptor antagonists (H2RAs) may provide additional benefit for symptom
relief in patients with persistent symptoms despite PPI therapy and can be considered as add-
on therapy for patients who fail with a PP1. However, because of the concern about tolerance,
H2RA is suggested to be taken on demand or intermittently. PPI-refractory GERD (and LPR),
defined as persistent reflux symptoms not responding to a double dose of a PPI therapy dur-
ing a treatment period of at least 12 weeks, is an important issue in clinical practice and poses
a great challenge for general practitioners, internists, gastroenterologists, and otolaryngolo-
gists [20]. Compliance with therapy should be verified first by the physician, and the presence
of functional gastrointestinal disorders, psychological distress, functional heartburn or other
esophagitis not related to reflux should also be carefully evaluated in these patients.

On the basis of these concepts, alginate may be considered a fruitful and relevant option
in many patients with reflux disease. In particular, the knowledge about the utility of algi-
nates derives from an interesting research area investigating the pathogenic role of the
so-called “acid pocket.” The acid pocket is a short zone of unbuffered highly acidic gastric
juice that accumulates in the proximal stomach after meals. Serving as the source of acid
reflux, the acid pocket increases the propensity for acid reflux by all conventional mecha-
nisms, such as TLESR and hiatus hernia, and has been considered as an important cause
of GERD [25, 26]. Alginate is an anionic polysaccharide occurring naturally in brown algae
and has a unique property in the treatment of gastric reflux by eliminating the acid pocket.
Alginate-antacid formulation can reduce postprandial symptoms by neutralizing the acidity
of gastric contents. In addition to neutralizing the gastric acidity, more importantly, alginate
and bicarbonate, usually contained in an alginate-based formulation, form a foamy gel that
is like a raft floating on the surface of gastric contents after interacting with gastric acid,
and this barrier-like gel displaces the acid pocket from the esophageal-gastric junction and
protects both the esophageal and the upper respiratory mucosa from the acid and non-acid
reflux by gel coating [27-30]. Like an antacid, an alginate-based formulation demonstrates
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an immediate onset of effect within 1 h of administration, which is faster than a PPI and
H2RA [31]. Compared with antacids, an alginate-based formulation is more effective than
an antacid in controlling postprandial esophageal acid exposure and quickly relieving reflux
symptoms, including heartburn, regurgitation, vomiting and belching, with longer dura-
tion [32-34]. Alginate-based formulations are also non-inferior to omeprazole in achieving a
heartburn-free period in moderate episodic heartburn [35]. Therefore, alginate has the special
properties of protection of the esophageal and upper respiratory mucosa from acid and non-
acid reflux and displacement of acid pocket away from the esophagus, all of which make
alginate an attractive agent in the management of refractory reflux symptoms with a cause
other than by acid, such as NERD [36]. Compared with placebo, an alginate-antacid formula-
tion demonstrated superior relief of reflux symptoms including heartburn and regurgitation
in both patients with NERD and erosive esophagitis in a double-blind randomized controlled
trial [37]. In another double-blind randomized clinical trial comparing the efficacy of alginate
to omeprazole in patients with NERD, alginate demonstrated non-inferiority to omeprazole
and was as effective as omeprazole for symptomatic relief [38]. Furthermore, adding alginate
to a PPI can significantly relieve heartburn compared to using a PPI alone in patients with
NERD, suggesting an additional benefit of alginate as add-on therapy in the management of
refractory symptoms [39].

Interestingly, in a meta-analysis study, six of nine randomized trials found no difference
between the PPI and placebo groups for LPR, whereas three trials exhibited statistically sig-
nificant results [1]. In a systemic review, three of four randomized controlled studies revealed
that prokinetic agents significantly reduced LPR symptoms, but there were too many study
limitations to draw firm conclusions [40]. In a small randomized controlled study, a liquid
alginate suspension could achieve significant improvement in the symptom scores and clini-
cal findings of LPR [41].

Therefore, on the basis of this discussed background, the management of suspected LPR is
intriguing as it is very difficult, if even possible, to make a definitive diagnosis with the tools
currently available [42]. If there is no doubt that many patients do have LPR symptoms, the
probability of suspecting LPR, especially when typical reflux symptoms are lacking and PPIs
do not improve symptoms, are low, mainly in non-specialist setting. LPR management is
responsible of high economic burden mainly related to the prescription of PPIs, which may
be, in most cases, not justified [3, 43, 44]. Therefore, in patients, initially visited by GP, who
do not respond to a 2 to 3-month course of double dose PPI therapy, the role of the oto-
laryngologist is to document the presence of signs and symptoms suggestive of LPR with
appropriate (i.e., validated and reproducible) investigations, namely fiber-endoscopy, and
validated questionnaire (for example RSI and RFS). If LPR is documented, it is reasonable
empirically testing these patients on PPIs to check for reflux control may be useful to select
PPI-responder patients. If PPI are not adequate to control symptoms an add-on treatment
should be prescribed. On the basis of the above-mentioned concepts, alginate could be a first-
choice option. As a matter of the fact, as there is no specific and focused medication able to
irreversibly inactivate pepsin and block acid production, other compounds have place in LPR
management, including medical devices with barrier effect. In the current scenario, an effec-
tive supportive strategy may be constituted by compounds able to strengthen the epithelial
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barrier providing protection from acid and pepsin and promoting mucosal healing. In other
words, an old concept could be revised for LPR therapy: the “cytoprotection” of mucosal
tissues [45]. Mucosal cytoprotection was an ideal target of two main drug classes: prostaglan-
dins and sucralfate. Many clinical trials supported this theory that met favorable impression
some decades ago [46—49].

Presently, the newest alginate compounds renowned the interest in this attracting and
stimulating area. In this regard, a new medical device (Marial®), unique still now pos-
sessing the indication for both GERD and LPR, has been recently launched in the Italian
market. It is an innovative gel compound, containing magnesium alginate and E-Gastryal®
(hyaluronic acid, hydrolyzed keratin, Tara gum, and Xantana gum). E-Gastryal® is a com-
plex of phyto-polymers, Tara and Xantana gums, that are natural polysaccharides with high
molecular weight and partially hydrosoluble, and able to provide viscosity to the solution
and to generate a support frame where keratin peptide chains and hyaluronic acid anchor.
Hyaluronic acid (HA) is a biopolymer with medium molecular weight characterized by
optimal hygroscopic and hydrodynamic features. The chemical-physical properties of the
polymeric complex confer mucoadhesiveness to E-Gastryal® so increasing the contact sur-
face and the residence time on the mucous membranes of larynx, pharynx, and esophagus.
In this context, hyaluronic acid is extremely bioavailable and able to carries out its activity
aimed to induce repairing and regenerating the damaged epithelium. HA, by its hydro-
philic essence, realizes a favorable milieu for cellular migration; in addition, HA, having
a scavenger activity of free radicals, exerts a protective role towards oxide damage and
proteolytic enzymes, such as pepsin.

Hydrolyzed keratin, an indigestible substance, increases the solidity and the resistance of
E-Gastryal®, enhancing the barrier effect. Really, keratin abounds with cysteine, amino acid
sulfide, that forms disulfide bridges extremely firm and able to link the amino acid chains,
making an helical structure characterized by difficult dissolution and resistant to attack of
acid and pepsin. The alginate has the peculiar property of a boating raft at the acid pocket and
selectively inhibits pepsin by mannuronic acid, highly contained in the specific alginate [50].
In particular, this medical device contains magnesium alginate with high ratio mannuronic
acid/glucuronic acid and with raised viscosity shaping a stable and compact raft.

For these reasons, two large surveys were conducted in Italy, involving both otolaryngolo-
gists and gastroenterologists. The aims were to define the patients” characteristics, including
the clinical features, the assessment of treatments, and new therapeutic approaches in view of
the new medical device Marial®.

2. Clinical experience

As pointed out, the gastroesophageal reflux is considered a normal physiological process
that usually happens after eating in healthy infants, children, young people and adults. In
contrast, gastroesophageal reflux disease occurs when the effect of GER leads to symptoms
severe enough to merit medical treatment. In clinical practice, it is difficult to differentiate

53



54

Esophageal Cancer and Beyond

between GER and GERD, and the terms are used interchangeably by health professionals and
families alike. There is no simple, reliable and accurate diagnostic test to confirm whether
the condition is GER or GERD, and this in turn affects research and clinical decisions [50-52].
Furthermore, the term GERD covers a number of specific conditions that have different effects
and present in different ways. This makes it difficult to identify the person who genuinely
has GERD, and to estimate the real prevalence and burden of the problem. Nevertheless,
regardless of the definition used, GERD affects many subjects, who commonly seek advice
from primary, secondary or tertiary care. As a result, it constitutes a major health burden
for the Health Service. Moreover, if gastric refluxate moves more proximally into the laryn-
gopharynx, it is defined laryngopharyngeal reflux (LPR). LPR should be considered as part
of extraesophageal reflux (EER), reflux involving structures other than, or in addition to, the
esophagus, and airway reflux involving proximal gastric reflux into the airways. LPR contrib-
utes to several otorhinolaryngologic symptoms and inflammatory disorders, and probably
also to neoplastic diseases of the laryngopharynx, and seems to be also as common in children
and infants as adults.

From a diagnostic point of view, GERD and LPR diagnosis may be performed on a clinical
ground as there is no gold-standard diagnostic tool. In this regard, some questionnaires may
very fruitful in clinical practice: Reflux Finding Score (RFS) based on signs viewed by laryn-
goscopy, Reflux Score Index (RSI) based on reflux symptoms, and GERD Impact Scale (GIS)
based on frequency of symptoms, as reported in the tables (Tables 1-3).

None of Alittle of Some of  All of the
the time thetime thetime time

1 2 3 4

In the past week

1. How often have you had the following symptoms

a. Pain in chest/behind the breastbone?

b. Burning sensation in your chest or behind the breastbone?
c. Regurgitation or acid taste in your mouth?

d. Pain or burning in upper stomach?

e. Sore throat or hoarseness that is related to your heartburn or acid
reflux?

2. How often have you had difficulty in getting a good night’s sleep
because of your symptoms?

3. How often have your symptoms prevented you from eating or
drinking any of the foods you like?

4. How often have your symptoms kept you from being fully
productive in your job or daily activities?

5. How often do you take additional medication other than what the
physician told you to take (such as Gaviscon, Maalox)?

Table 1. GERD Impact Scale (GIS).
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Within the last month, how did the following problems affect you? 0=no problem

5 = severe problem

1. Hoarseness or a problem with your voice 0 12345
2. Clearing your throat 0 12345
3. Excess throat mucus or postnasal drip 0 123 45
4. Difficulty swallowing food, liquids, or pills 0 12345
5. Coughing after you ate or after lying down 0 12 3 4

6. Breathing difficulties or choking episodes 0 12345
7. Troublesome or annoying cough 0 123 45
8. Sensation of something sticking in your throat or a lump in your throat 0 12345
9. Heartburn, chest pain, indigestion, or stomach acid coming up 0 12345
RSI>13 = Abnormal Total

Abbreviation: RSI, reflux symptom index.

Table 2. Reflux Symptom Index.

From a management point of view, the guidelines suggest to give advice about GER and reas-
sure patients and caregivers. Patients with dyspepsia with mild-moderate symptoms and
without severe complications, such as bleeding, painful complaints, vomiting, could be treated
with empirical full-dose PPI therapy for 4 weeks. Patients with GERD could be treated with a
full-dose PPI for 4 or 8 weeks. If symptoms recur after initial treatment, a PPI could be offered
at the lowest dose possible to control symptoms. In addition, it is recommended to encour-
age people who need long-term management of dyspepsia symptoms to reduce their use of
prescribed medication stepwise: by using the effective lowest dose, by trying ‘as-needed” use
when appropriate, and by returning to self-treatment with antacid and/or alginate therapy
(unless there is an underlying condition or co-medication that needs continuing treatment). It
is also necessary to advise people that it may be appropriate for them to return to self-treat-
ment with antacid and/or alginate therapy (either prescribed or purchased over-the-counter
and taken as needed). Finally, it is important to avoid long-term, frequent dose and continu-
ous antacid therapy (it only relieves symptoms in the short term rather than preventing them).

On the basis of these considerations, proposed by guidelines, alginates may be considered as
a valid and reasonable therapeutic option. A new medical device (Marial®), unique still now
possessing the indication for both GERD and LPR, has been recently launched in the Italian
market [53]. It is an innovative gel compound, containing magnesium alginate and E-Gastryal®.
E-Gastryal® is a complex of phyto-polymers, keratin, Tara and Xantana gums, that are natural
polysaccharides with high molecular weight and partially hydrosoluble, and able to provide
viscosity to the solution and to generate a support frame where keratin peptide chains and hyal-
uronic acid anchor. Hyaluronic acid (HA) is a biopolymer with medium molecular weight char-
acterized by optimal hygroscopic and hydrodynamic features. The chemical-physical properties
of the polymeric complex confer mucoadhesiveness to E-Gastryal® so increasing the contact
surface and the residence time on the mucous membranes of larynx, pharynx, and esophagus.
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Subglottic edema 0 = absent
2 = present
Ventricular edema 2 = partial

4 = complete

Erythema/hyperemia 2 = arytenoids only
4 = diffuse
Vocal-fold edema 1=mild

2 =moderate

3 =severe

4 = polypoid
Diffuse laryngeal edema 1=mild

2 =moderate

3 =severe

4 = obstructing
Posterior commissure hypertrophy 1=mild

2 =moderate

3 =severe

4 = obstructing

Granuloma/granulation tissue 0= absent
2 = present

Thicken laryngeal mucus 0= absent
2 = present

RFS, Reflux Finding Score. RFS > 7 suspect of laryngopharyngeal reflux (LPR).

Table 3. Reflux Finding Score.

Therefore, two large surveys were conducted in Italy: RELIEF, involving 86 otolaryngologists,
and EMERGE, involving 56 gastroenterologists [54-56]. The aims of these surveys were: (1)
to define clinical characteristics, including previous treatment, of the patients referred to con-
sultation; (2) to evaluate the reliability of RFS, GIS, and RSI questionnaires in real-world set-
tings, such as specialist office; and (3) to investigate the patients’” perception of efficacy of the
prescribed therapy, based on the best practice and considering also the new medical device.

The outcomes of these surveys are here presented and discussed. Now, we would draw the
conclusive remarks from a pragmatic point of view. So, we compared the most relevant out-
comes obtained by the two surveys.

First, we compared RSI questionnaires: at baseline, RSI questionnaire was filled by 1934 RELIEF
patients and by 789 EMERGE patients. Globally, 594 (75.3%) EMERGE patients and 1250
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(64.6%) RELIEF patients had positive RSI score. RSI values for each single symptom are analyti-
cally reported in Figure 1. The symptoms with the highest score were: heartburning, sensation
of something sticking in the throat or a lump in the throat, and clearing throat, whereas breath-
ing difficulties or choking episodes had the lowest score. The total score was 16 [14-20] in the
EMERGE patients was significantly higher than in the RELIEFE patients: 16 [12-20] (p < 0.001;
data not shown). Interestingly, RELIEF patients had significantly higher scores for some symp-
toms, including lump sensation, cough, dyspnea, hoarseness, and throat clearing, whereas
EMERGE patients had higher scores for heartburn and difficult swallowing. So, the clinical
features were really different in the two populations, such as GERD and LPR patients.

Considering the previous treatments, the frequency of past/current treatments in the EMERGE
group (Figure 2A) was significantly higher than in RELIEF group (Figure 2B) patients (p <0.0001):
this outcome underlines the more intense recourse to medical therapy in GERD patients than in
LPR patients. Analyzing the treatment options, Figure 3 shows the distribution of different types
of treatments prescribed in the past (panel A, C) or currently used (panel B, D): monotherapy with
PPI, PPl in add-on, and Miscellany in EMERGE (panel A, B) and RELIEF (panel C, D) patients.
LPR patients were more frequently treated with PPI as monotherapy and with miscellany treat-
ments, whereas GERD patients use more commonly PPI plus add-on, even though PPI alone
are the first-choice therapy also in GERD. Considering the distribution of the new prescribed

Heartbum, chest pain, indigestion, or stomach acid comingup ' **
Sensation of something sticking in your throatfa lump in your throat | _l [T1]
Troublesome or annoying cough _ LT

Breathing difficulties or choking episodes I | e

Coughing after you ateor after lying down ‘

Difficulty swallowing food, liguids, or pills | ko
Excess throat mucus or pasinasal dip l

Clearing your throat | | 53

Hoarseness ora problem with your voice ﬁ L
[ EMERGE

RELIEF 0 2

sCorg

[
LFA]
£

Figure 1. Reflux Symptom Index (RSI) as median values for each single symptom in the EMERGE (no. 789) and in the
RELIEF population (no. 1934). Scores are reported as medians (bars) with lower and upper quartiles (boxes).
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A. EMERGE (No. 754) B. RELIEF (No. 1,685)
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Figure 2. Distribution of the EMERGE (panel A) or RELIEF (panel B) patients according to the treatments: past, current,
or never.

A. Past Treatment (No. 174) B. Current Treatment (No. 238)

s
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[ [ only PPI [ Pi+add-on [ miscellany ]
C. Past Treatment (No. 284) D. Current Treatment (No. 389)

38

-
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Figure 3. Distribution of different types of treatments prescribed in the past (panel A, C) or currently used (panel B,
D): monotherapy with PPI, PPI in add-on, and miscellany in EMERGE (panel A, B) and RELIEF (panel C, D) patients.

treatments (i.e., prescriptions made during the visits) and specifically of Marial® as monother-
apy, PPI as monotherapy or PPl in add-on, there was difference in EMERGE (Figure 4A) and in
RELIEF (Figure 4B) patients (p <0.0001): LPR patients were preferentially treated with Marial®
alone, whereas GERD patients were treated essentially with PPI plus add-on.
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Figure 4. Distribution of the Marial® as monotherapy, PPl as monotherapy or PPlin add-on in new prescribed treatments
(i.e., prescription during the visit) in EMERGE (panel A) and RELIEF (panel B) patients.
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Figure 5. Reduction in RSI values for each single symptom before and after a 4 week-treatment with Marial® as
monotherapy in EMERGE and in RELIEF patients.
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Comparing the patients’ perception of treatment efficacy, reduction in RSI values for each
single symptom before and after a 4 week-treatment with Marial® alone or with PPI in add-
on in EMERGE and RELIEF patients are reported in Figures 5 and 6. Marial® alone treatment
induced a statistically significant higher reduction in each single symptom in RELIEF patients
than in EMERGE patients, with the exception of heartburn, chest pain, indigestion, or stom-
ach acid coming up (Figure 5). Similar results were obtained evaluating the reduction in RSI
values in patients treated with PPI in add-on that was able to determine a higher statistically
significant decrease in RELIEF than in EMERGE patients in each single symptom, with the
exception of heartburn, chest pain, indigestion, or stomach acid coming up (Figure 6).

In conclusion, these two surveys provided some interesting outcomes: (i) diagnostic ques-
tionnaires (RSI, RFS, and GIS) are reliable and useful both during the visit and to orient
the treatment decision; (ii) GERD and LPR present different clinical features; (iii) as con-
sequence the treatments (both previous and actual) are different; (iv) the introduction of
Marial® significantly affected the otolaryngologist approach and partially the gastroenter-
ologist orientation; (v) Marial® was effective both in LPR and GERD patients; (vi) Marial®
showed more effectiveness than conventional therapy (PPI plus add-on); and (vii) LPR
patients were more responsive to medical treatments than GERD patients. Therefore, these
outcomes may give a pragmatic usefulness to both otolaryngologists and gastroenterolo-
gists in clinical practice.

Heartbumn, chest pain, indigestion, or stomach acid coming up _“_|
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Figure 6. Reduction in RSI values for each single symptom before and after a 4 week-treatment with PPI + add-on in
EMERGE and in RELIEF patients.
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Abstract

The total laryngectomy is a standard procedure of laryngeal carcinoma treatment which
leaves multiple persistent consequences on a laryngectomized person. After laryngec-
tomy, all of patients cannot speak loudly, and 10-58% patients have a dysphagia. In such
changed anatomical condition, the esophagus has a key function in two of three primary
approaches to voice—speech rehabilitation of laryngectomized patients: esophageal and
tracheoesophageal speech therapy method because one of these is the only acceptable
solution of substitute alaryngeal speech. In esophageal speech, the esophagus has the role
of speech air reservoirs since the respiratory and digestive pathways are permanently
separated after the procedure. In the production of tracheoesophageal speech, the tra-
cheoesophageal fistula and the esophagus allow the recommunication of these pathways
and the use of air from the lungs for speech. There are several prerequisites for successful
esophageal and tracheoesophageal speech. After tracheoesophageal puncture and inser-
tion, the tracheoesophageal prosthesis may occur different complications in the early or
late postoperative period in 10-60% of patients. The quality of alaryngeal voice is very dif-
ferent from the quality of laryngeal voice, but allows communication to laryngectomees.

Keywords: esophageal speech, laryngectomy, tracheoesophageal speech,
voice prosthesis, voice rehabilitation

1. Introduction

The esophagus is a long, flexible muscular tube that starts as the continuation of the pharynx
with the upper esophageal sphincter and ends with the lower esophageal sphincter as the
junction with the stomach. Topographically, it is divided into three regions: cervical, thoracic
and abdominal [1].

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
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The function of the upper esophageal sphincter is to prevent breathed air from entering into the
esophagus and to stop reflux of esophageal content into the pharynx to prevent airway aspira-
tion, and the function of lower esophageal sphincter is to prevent gastroesophageal reflux.

The function of the esophagus is very simple: to actively transport solids and liquids from the
pharynx to the stomach. It has no digestive, absorptive, metabolic, or endocrine functions,
but in some people, esophagus takes another very important function [2]. These people are
laryngectomized persons. Namely, after total laryngectomy, the lower respiratory tract is per-
manently separated from the upper respiratory tract. The breathing function begins and ends
in the permanent tracheostoma, and the upper respiratory tract loses its function [3]. In such
anatomical condition, the esophagus has a key function in two of three primary approaches to
speech rehabilitation of laryngectomized patients: esophageal and tracheoesophageal speech
therapy method. The upper part of the esophagus gets the function as some kind of air acti-
vator, and the pharyngoesophageal segment gets the function of the voice generator, thus
allowing the function of the voice resonators.

2. Total laryngectomy

The standard options of laryngeal carcinoma treatment are surgery, radiotherapy, chemo-
therapy, or a combination of these modalities. When a conservation surgery is not indicated
due to the tumor stage and localization, or due to patient’s general medical condition, then
total laryngectomy is considered. This surgical procedure implies a surgical removal of the
entire larynx, from the hyoid bone to the second tracheal ring, and the lymph nodes on the
ipsilateral or bilateral side. After removal of the larynx, the circular defect in the anterior wall
of the pharynx is reconstructed and sutured to the base of the tongue. Inferiorly, resected
distal part of trachea is brought forward and sutured to the skin edges forming permanent tra-
cheostoma. Postoperative care after total laryngectomy includes nasogastric tube feedings and
maintenance of tracheostoma. If the tracheostoma is satisfactory in size and shape, it is prefer-
able not to use laryngectomy tube in the tracheostoma. Alaryngeal speech training may begin
as early as 3 weeks after operation. Postlaryngectomy aphonia is one of the most devastating
outcomes of total laryngectomy, and effective voice is critical to the successful prevention of
psychological, social and economic consequences of totally laryngectomized individuals [4].

After total laryngectomy, there is a defect of hypopharynx that needs to be reconstructed.
The base of tongue then makes anastomosis with neopharynx. Sometimes there is a retrac-
tion of the base of tongue, changed tonus of the pharyngoesophageal segment, an extension
of a part of pharynx and esophageal stenosis, which can cause dysphagia in 10-58% of cases
[5]. Reconstruction of the upper esophageal segment and the hypopharynx is essential for the
swallowing function and alaryngeal phonation. In addition, radiotherapy and postoperative
infection increases the risk of occurrence of scarring and stenosis of the oropharyngeal seg-
ment, causing dysphagia and odynophagia. Postoperative radiotherapy causes other problems
such as reduced sense of taste, xerostomia, muscle fibrosis and tooth loss, which increases dys-
phagic disorders. Therefore, laryngectomees often need to modify their way of nutrition [6].
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2.1. Voice rehabilitation after laryngectomy

Total laryngectomy leaves a number of significant and permanent anatomic and physiological-
functional changes. One of them is the impossibility of loud laryngeal speech. Laryngectomy
is the removal of vocal cords which are the vibrating source of sound, and it causes changes in
the anatomic structures of the resonator, whereas tracheotomy prevents the use of the lungs
as a physiological source of energy for the phonation. Patient is temporarily socially deprived
which diminishes the quality of life and brings with it the limitations in other life spheres.
Postoperatively, achieved by rehabilitation, a future alaryngeal voice will be created in the
area where esophagus transitions into hypopharynx, under the influence of the airflow that
causes the mucosa vibration [5]. This area is called neoglottis or pseudoglottis, and it is a pha-
ryngoesophageal segment, anatomical structure in the area of the upper aerodigestive tract [7].

Rehabilitation of voice after removal of larynx has been known for more than 150 years [8].
The first well-known description of the possible way of producing alaryngeal voice was given
by Czermak in 1859. He established an alaryngeal voice by redirecting the airflow from the
endotracheal tube through a tube into the mouth of the laryngectomized patient [9]. After
Billroth performed his first laryngectomy in 1873, his assistant, Gussenbauer, equipped the
patient with a pneumatic device which had the function of a speech machine [8, 10, 11]. In
the mid-nineteenth century, rehabilitation was discovered by establishing an esophageal
voice. At the same time, various mechanical devices were used to transmit vibrations and
thus allowed loud speech [12, 13]. In the mid-twentieth century, the first tracheoesophageal
fistula was made, which allowed the air stream to reach the upper part of the esophagus and
the pharynx [14]. A few years later, a voice prothesis was developed according to the principle
of a one-way permeable valve that allows the airflow from the trachea into the esophagus and
prevents the passage of food and fluid from the esophagus into the trachea.

Back a few decades, the world trend is the earliest possible rehabilitation of voice and speech
after laryngectomy. The beginning and type of rehabilitation depend on the health, psychoso-
cial and socioeconomic status of the patient [15].

Patients have three methods of substitute voice and speech:

1. Production of tracheoesophageal voice by insertion of a tracheoesophageal prosthesis.
2. Production of an esophageal voice.

3. Use of mechanical generators of acoustic vibrations [16].

3. Esophagus and esophageal speech

3.1. History of the esophageal speech

The use of esophagus as a speech tank for the purpose of rehabilitation of laryngectomized
persons first occurs during the nineteenth century. In 1909, Gutzmann called this rehabilitation
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method an esophageal speech [17]. The method is the most natural way for the laryngecto-
mized persons to have the alaryngeal phonation, which has made it the most commonly used
method for many years. Although satisfying a number of factors is a prerequisite, Seeman
considers the appropriate level of motivation to be the key factor for mastering the esophageal
speech, and that most motivated patients successfully adopt this mode of substitution [17].

3.2. Prerequisites for successful esophageal speech

This method creates a new air reservoir used for speech within the esophagus of a lower
capacity than the physiological one, which is the source of the sound wave. The capacity of
the upper part of the esophagus after surgery is 60-80 ml of air [18], and the sound wave is
generated by vibrations of the pharyngoesophageal segment in neoglottis, which allows the
production of the esophageal voice. The exact localization of the pharyngoesophageal seg-
ment vibrations differs from author to author, and vibrations are possible from the base of the
tongue to the upper esophageal sphincter, but most authors suggest that the most common
vibrations of the pharyngoesophageal cavity vibration are at the level of the fifth, sixth and
seventh cervical vertebrae, while Seeman feels that vibrations are at the level of the cricopha-
ryngeal muscle at the height of the fifth cervical vertebra or where the pharyngoesophageal
obstruction is the greatest [17].

In order for alaryngeal phonation to be possible (production of speech without the larynx),
an appropriate tonus of pharyngoesophageal segment, more precisely the cricopharyngeal
muscle, is needed. In determining the degree of tonus available, today there are two evalua-
tion tools:

e Taub’s insufflation test.

e Modified Taub’s test.

When using Taub’s Insufflation Test, the examiner places the nasal catheter into the esopha-
gus, using the Polyzer balloon to insufflate the air to the catheter. If the tonus is appropriate,
the patient will be able to phonate, and the test will then record a positive result. The reference
limit of the phonation pressure is 22 mmHg, which allows the 10 s alaryngeal phonation, or
speech production in the range of 10-15 syllables in one inspiration. The phonation pressure
is measured with a manometer. In cases where there is hypertonicity, the patient is not able to
produce an alaryngeal voice, and the test registers a negative result [19].

The self-blowing test (modified Taube test) has been used for 33 years and was invented by
Blom and Singer. The difference is that the other end of the nasal catheter is introduced into
the tracheostoma and in this way allows an independent insufflation of the air from the tra-
cheostoma to the esophagus. The result is recorded as positive when the patient can alaryn-
geally phonate for at least 8 s [20].

The negative result in these tests indicates undesirable hypertonicity of the muscle which pre-
vents the phonation, and requires surgical intervention in the form of cricopharyngeal myot-
omy [20]. Muscle hypotonicity is also undesirable because it may interfere with alaryngeal
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phonation, but it often results in a very weak intensity of the alaryngeal voice. As the voice of
low intensity does not meet the daily communication requirements, the hypotonicity can be
compensated by external compression or surgical intervention.

In addition to the appropriate muscular tonus of the pharyngoesophageal segment, the per-
son who will be rehabilitated with the esophageal speech must have a satisfactory level of
certain cognitive abilities. Considered among the most important cognitive abilities are the
appropriate intellectual status and the motivation of a person, but the conative factors are
also significant. When choosing modality, psychosocial and socioeconomic factors are also
important. The person who will learn the esophageal speech should be highly motivated for
the process of rehabilitation, be patient enough, cognitively superior, and live in an empa-
thetic and supportive family and social environment. Socioeconomic status should be as high
as necessary for regular attendance at a speech-language therapy in continuity. Regarding
the health status, people who will learn the esophageal speech should be of a good general
health and somatic status, and the primary disease should be under good local control, which
means removing any suspicion of local recurrence. Certainly, a significant influence on the
possibility of this modality has the auditory status of the patient, and the level of hearing
should be appropriate to the chronological age of the person, at the hearing level of 20-55 dB
[5]. Any hearing impairment above 55 dB affects the communication function significantly
and disables the adequate reception of the information from the speech-language therapist,
thereby making it difficult and slowing down the process of rehabilitation.

Doyle classified contraindications for the learning of the esophageal speech in four categories
[17, 21, 22]:
1. Certain physical factors
¢ local recurrence of illness.
* extensive reconstruction operation.
2. Certain psychological status
* the presence of psychological problems and psychopathology.
3. Socioeconomic factors
¢ inability to attend a therapy at least three times a week.
4. The necessity of speaking

* immediately after laryngectomy, the necessity to speak loudly for a certain reason.

3.3. Functional features of the esophageal speech

The acoustic parameters of the esophageal voice in the literature vary depending on the
researchers, the selected research method, the measuring instrument, the measuring criteria,
the sample of subjects, and the environmental and computer program conditions in which the
measurement was performed. The fundamental frequency, or the height of the esophageal
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voice, is reduced, the frequency range is reduced, and the acoustic parameters determining
the timbre of the voice also differ significantly from the regular laryngeal voice [5, 23, 24]. Such
values of acoustic parameters form a rough and breathy voice, subjectively experienced. In
addition, the time for turning on the voice is prolonged and the maximum time of the phoning
is significantly reduced. According to prosodic features, the melody of the esophageal voice
is more uniform and variable, lexical stress is not realized or is partially realized, frequent
undesirable respiratory pauses are often present and the tempo of speaking is slower [5].

Sociofunctional features of the esophageal voice, which also make the advantage of this
rehabilitation modality are: both hands free during speech and being less noticeable to the
environment during speech, spontaneous and natural way of alaryngeal speech without addi-
tional surgery and insertion of foreign bodies, independence of prosthetic aids, the ability to
speak without high consumption of material resources. On the other hand, the features that
make up its shortcomings are: long periods of rehabilitation, lack of regular and continuous
attendance at rehabilitation, discontinuous speech and additional undesirable noise during
speech, especially tracheal noise during inspiration, which interfere with the intelligibility of
the pronounced words [25].

3.4. Rehabilitation: educational process of learning the esophageal speech

The rehabilitation and education process starts with an individual preoperative counseling
and patient preparation for a postoperative rehabilitation. A duration of the preoperative
patient preparation varies depending on the individual’s needs. During this period, the
patient is given education on all the consequences of tracheotomy and total laryngectomy,
pulmonary and speech aids for laryngectomized persons and modalities of speech-language
rehabilitation. In addition, an oncological team of experts together with the patient decides on
a single rehabilitation method.

The onset of postoperative speech-language therapy depends on a number of factors, such
as further oncological treatment (primarily the need for radiotherapy), general health condi-
tion, psychological condition, and neuromotor capabilities of the patient. The optimal time to
start postoperative rehabilitation is considered 40 days (approximately 6 weeks after surgery)
unless postoperative radiotherapy is indicated [26]. However, Remacle and Demard state that
rehabilitation can be started earlier, immediately after cicatrization, usually 3 weeks after the
operation [17]. If postoperative radiotherapy is indicated, rehabilitation is delayed as long
as acute consequences of radiation that hamper the process of rehabilitation are present. Of
course, rehabilitation should begin within 6 months of surgery [26]. The total duration of
rehabilitation is different and individual.

Early postoperative rehabilitation phase lasts 1 month from the onset of therapy, and primary
focus of the therapy is on relaxation techniques and respiratory - rehabilitation operators in
physiological breathing onto a tracheostoma to avoid, initially always present, tracheal noise
at later phonation.

At this stage, the patient is also educated on how to achieve a ructus. Achieving a ructus is
taught by two basic principles in one of three available methods. The first principle is based
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on the correct technique of injecting speech air into the esophagus, and the other is based on
the proper technique of eructation of speech air. Figure 1 shows the scheme of esophageal
voice production.

There are several different methods of introducing speech air into the esophagus used in clini-
cal speech therapy, namely: deglutition, inhalation, injection, blocking, Portman'’s, Tartapan’s,
and their combinations [5, 17, 22].

In 1900, Gottstein created and described the deglutition/swallowing method, and Gutzmann
supplemented and propagated it. The method requires inserting the required air for the ala-
ryngeal phonation according to the principle of swallowing or air ingestion as a bolus which
causes eructation. This is considered the initial method because it allows a volitional ructus,
but it affects the rhythm of speech and substantially slows it down, which is its disadvantage.
As air swallowing, that is, “dry swallowing” is limited, it is recommended to consume the
fluid during therapy [17].

In 1922, Seeman described the inhalation method, also referred to as aspirational or suction-
ing method. It requires a few swift inhalations that cause a sudden drop in intraoral pressure,
which allows aspiration of air from the oral cavity into pharynx, and into the esophagus and
relaxation of the pharyngoesophageal segment. When the pressures get equal, the air suction
is stopped, the aspirated air is eructated and sounded through the pharyngoesophageal seg-
ment. Initially, the vocals are articulated, followed by the syllables made of a combination
of gutural/h/ and vocals. Sometimes, the use of the method is followed by hyperventilation.
There are several modifications of this method in the world.

The injectable or occlusive method was formed by collecting the experiences of patients who
noticed that the easiest way for them to loudly articulate occlusives and syllables combined
from occlusives and vocals is alaryngeally. The method requires sufficient pressure of the
tongue which causes air compression in the oral cavity and pharynx and is injected into the
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Figure 1. Esophageal voice production.
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esophagus, and in the articulation of the labial, alveolar and guttural occlusive the air is liber-
ated and affects the achievement of a satisfactory tonus of the pharyngoesophageal segment.
In 1966, Diedrich and Youngstrom created a variation of this method by introducing certain
modifications [17].

The blocking method was accomplished by performing several procedures of injectable
method followed by specific articulator's movements and by changing the head position. The
method involves injecting air from the oral cavity to the esophagus by lip occlusion causing
anterior blockage with simultaneous posterior repositioning of the base of the tongue and
inferior mandibular repositioning.

By combining several specific procedures from the deglutition and inhalation method, a new
method was created by Portman, and was named after him as Portman’s method. It requires
a few fast-paced air inspirations that are followed by “edacious” deglutition of the air bolus
to make speech air flow into the esophagus [22].

In addition, there is Tartapan’s method, which is seldom used in clinical speech therapy
practice, as well as other possible combinations of existing standard methods that are not
specifically described.

4. Esophagus and tracheoesophageal speech

4.1. Tracheoesophageal puncture and tracheoesophageal prosthesis placement

Tracheoesophageal puncture is a surgical method of voice restoration after total laryngectomy
that implies creation of a fistulous tract in tracheoesophageal wall —the wall that separates the
trachea and esophagus, in the level of tracheostomy. This surgically created fistula which
may be formed at the time of the total laryngectomy (primary tracheoesophageal puncture)
or after the laryngectomized person has healed from surgery (secondary tracheoesophageal
puncture). For satisfactory performance of the tracheoesophageal puncture, an adequate
tracheostoma is preferable. The location of puncture is positioned in the midline, 5-10 mm
below the mucocutaneous junction. A tracheoesophageal prosthesis is inserted into a fistula,
as shown in Figure 2 [4].

The prosthesis is an artificial device, mostly made of silicone. The purpose of the prosthesis,
which is practically “one-way” valve is to allow air to be delivered from the lungs into the
esophagus (Figure 3). At the same time, the leak of saliva and food in trachea is undesirable
and prevented [27]. For this passage of air, good occlusion of the tracheostoma during phona-
tion is necessary. During phonation, high intrathoracic pressure forces the valve to open and
directs the air into the upper part of esophagus. Passing of this air into the pharynx and mouth
produces vibrations in the mucosal wall of the pharyngoesophageal segment which generates
sound. Resonation of the sound occurs in the pharynx, mouth and nose, with simultaneous
articulation using the tongue, lips, and teeth.

The most important anatomical part responsible for alaryngeal voice formation is pharyngo-
esophageal segment. The vibrating pharyngoesophageal segment is the source of sound pro-
duction and performs vocal cord function. The state of pharyngoesophageal segment made
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Figure 2. Tracheoesophageal fistula with inserted prosthesis.

ESOPHAGEAL
FLANGE ———

TRACHEAL N\

Figure 3. Tracheoesophageal prosthesis.

by the mucosa and surrounding fibers of the repaired cricopharyngeal, thyropharyngeal and
the upper esophageal sphincter muscles is very important in voice production, and because
of that it is important to preserve as much pharyngeal mucosa as possible at the time of laryn-
geal surgery [28]. Sometimes PE segment may be hypertonic, spastic or hypotonic. In case that
hypertonicity or spasticity is a problem, cricopharyngeal myotomy, pharyngeal neurectomy,
PES dilatation or botulinum toxin injection may be beneficial [29].

4.2. History of tracheoesophageal speech

The first experimental prostheses appeared in the second half of the last century, but due to
initial structural defects, they could not be cleansed in detail from the secretion, resulting in
an infection of the trachea and esophagus [30]. The first silicone tracheoesophageal prosthesis
for commercial use was constructed in 1979 and its creators were Blom and Singer [31]. Due
to its specific appearance, the prototype of the prosthesis was named duckbill. At the rounded
esophageal end, an opening was located with the aim of one-way airflow from the trachea to
the esophagus, and at the tracheal end, there was a rim with the extension and the possibility
of sticking to the skin to prevent prosthesis from falling out. The second prototype of the
prosthesis was created by introducing a one-way valve with a hinged door shape and reduced
air resistance. The prostheses were built in secondarily, anterogradely through tracheostoma
under general anesthesia. After this, other types of prostheses are created and developed, such
as Hermann’s prosthesis, Henley-Cohn's prosthesis, Staffieri’s prosthesis, Traissac’s prosthesis,
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Nijdam’s prosthesis, Ultra Voice prosthesis, Algaba prosthesis, and Provox prostheses [22].
The primary goal of the prosthesis development was to improve its structural and construc-
tion properties with the aim of achieving proper, safe and reliable use, adequate fixation of
prosthesis within tracheoesophageal fistula, better prosthesis functionality in terms of low air
resistance and greater resistance to fungal and bacterial infections. To date, different manufac-
turers’ tracheoesophageal prostheses of perfected construction and design are available.

4.3. Prerequisites for successful tracheoesophageal voice and speech

The basic requirement for tracheoesophageal prosthesis is the absence of distant metastases
or local recurrence [22]. The ability to produce tracheoesophageal voice implies the formation
of tracheoesophageal fistula and the insertion of the prosthesis within the tracheoesophageal
fistula, which is the surgical method of voice rehabilitation [5].

Andrews, according to Kazi, provides the following indicative criteria of patient’s status
for inserting the tracheoesophageal prosthesis: motivation, mental stability, sufficient level
of comprehension and understanding of the changes in anatomy and functional mechanism
of prosthesis and its use, appropriate manual and motor skills, the adequate vision status
necessary for the maintenance of the prosthesis, the adequate tonus of hypopharynx, i.e., the
absence of stenosis of the hypopharynx, the positive insufflation Taub’s test, the tracheostoma
of a neat appearance, i.e., the appropriate shape (minimum diameter of 15 mm) and depth,
and sufficient lung capacity [32].

4.4. Functional characteristics of tracheoesophageal speech

The tracheoesophageal fistula allows communication between the trachea and esophagus,
which is important for the speech because the patient uses the lungs as the air reservoir
required for the phonation, which makes the speech more fluent [33], of more appropriate
melody and pace with better achieved stresses and fewer respiratory pauses. Although, by
acoustic measurements, the fundamental frequency is lowered, and the values of the param-
eters that determine the timbre are elevated, unlike the esophageal voice, the intensity or
volume is greater, and the maximum time of the phonation is longer [5, 24]. If a tracheos-
toma is occluded manually, patient’s hand will be occupied, but this is not necessary because
an automatic speech valve can be used for occlusion. The advantage of this method is the
duration of rehabilitation, which is considerably shorter than the esophageal speech learning
process. The greatest disadvantages of the method are the need to replace prosthesis over a
certain period of time and the possibility of developing various speech prosthesis complica-
tions or tracheoesophageal fistulas. The average life of the prosthesis is 3-6 months [34].

4.5. Rehabilitation: educational process of learning the tracheoesophageal speech

The rehabilitation process varies depending on the type of prosthesis insertion, whether it
is primary, primary postponed or secondary, but the overall process lasts shorter than the
esophageal speech learning process. During the tracheoesophageal voice production, it is nec-
essary to occlude the tracheostoma. At the beginning of the rehabilitation, the tracheostoma is
occluded with a non-dominant hand, usually by a thumb, to achieve the best occlusion. The
complete occlusion of tracheostoma allows the air from the lungs to be directed through the
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Figure 4. Tracheoesophageal voice production.

trachea and the esophagus into the oral cavity, thereby creating vibration of the pharyngo-
esophageal segment and the production of tracheoesophageal speech, while simultaneously
preventing undesirable tracheal noise. Rehabilitation begins with rehabilitation-methodical
operators of relaxation of the whole body, especially the neck and head, and operators of
proper, relaxed, alaryngeal phonation. Once a satisfactory tracheoesophageal phonation is
established, the production of this voice articulates the syllables in a combination of silent
guttural occlusive and a vocal and then all other sounds. When the patient successfully uses
tracheoesophageal voice and speech on a daily basis as the only mean of communication,
attention is paid to the details. In order to fix the lack of a free hand, an automatic speech valve
is used. The automatic speech valve consists of a plastic casing inside which is located the
membrane for controlling the flow of the economical amount of air and the filter for maintain-
ing the temperature and humidity of the air [34].

Rehabilitation ends when a patient can produce spontaneous speech without significant dif-
ficulties, that is, when tracheostoma is well-occluded, a voice of satisfactory quality, speech
is intelligible, and when the patient uses tracheoesophageal speech as the main mean of com-
munication. Figure 4 shows the scheme of tracheoesophageal voice production.

The assessment of the performance of voice-speech rehabilitation is performed using the
Harrison and Robillard-Schultz scales for assessing tracheoesophageal voice and speech,
including a sub-scale for assessing the maintenance of tracheoesophageal prosthesis [35].

4.6. Tracheoesophageal puncture and tracheoesophageal prosthesis complications

Complications may occur in the early or late postoperative period in 10-60% of patients [34,
36, 37] and may be divided into:

1. Complications of tracheoesophageal puncture.
2. Complications of tracheoesophageal fistula.

3. Complications of tracheoesophageal prosthesis.
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Complications of tracheoesophageal puncture are complications resulting from the surgical
procedure itself, and among them are tracheostoma of inadequate form, size and depth, inad-
equate tonus of the pharyngoesophageal segment (hypotonicity or hypertonicity) [38] and the
formation of pseudoepiglottis or pseudo-vallecula [39].

Complications of tracheoesophageal fistula occur in later postoperative period, most com-
monly the same patient having several different complications. Among these complications
are the atrophy of the tracheoesophageal wall, tracheal mucosa granulation, esophageal
mucosa hypertrophy, increase in diameter of tracheoesophageal fistulae, dislocation of the
voice prosthesis and leakage of the esophagus from the voice prosthesis into the trachea [40].
Inadequate size of voice prosthesis causes pressure on the esophageal and tracheal mucosa
and may result in fibromatous reactions [39]. Several cases of decubitus of the back esopha-
geal wall have been reported due to the incompatibility of the length of the tracheoesophageal
fistula with the length of the voice prosthesis.

The complications of the tracheoesophageal prosthesis are the release of one-way prosthesis
valves, resulting inleakage of theesophagus through the voice prosthesisinto the trachea [41,42],
and the creation of biofilm in the voice prosthesis due to its use during several months [43, 44].

5. Conclusion

The physiological function of the esophagus in healthy people is very simple: to actively
transport solids and liquids from the pharynx to the stomach. It has no digestive, absorp-
tive, metabolic, or endocrine functions, but in laryngectomized persons, esophagus takes one
more function. In such changed anatomical condition, the esophagus has a key role in voice—
speech rehabilitation of laryngectomized patients because the esophageal and tracheoesopha-
geal speech are the only acceptable solution of substitute alaryngeal speech. The esophagus
gets very important function at alaryngeal phonation as air reservoir, the upper esophageal
sphincter gets the function as air activator and the pharyngoesophageal segment gets the
function of the voice generator, thus allowing the function of the voice resonators.
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