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Preface 
 

With particular distribution in the world and hundreds fold variation in the incidence 
rate between the high and low risk regions it is well established that both 
environmental factors as well as genetic predisposition are involved in tumorigenesis 
of esophageal cancer. As a result environmental, nutritional, habitual, and socio-
economic factors, as well as cell and molecular alterations have to be subject of 
investigations in the etiology of this type of cancer. At molecular level, while a large 
number of alterations have so far been proposed for esophageal carcinogenesis, 
however several specific events were attributed to be more significant and key players 
of the role in the process of esophageal carcinogenesis. These events are specific 
molecular mechanisms and pathways involved in the regulation of the both oncogenes 
and tumor suppressor genes.   

The present book covers recent achievements in the cell and molecular, nutritional, in 
addition to clinical features of esophageal cancer. The first two chapters of the book 
describe fundamental features including genetic, cellular and molecular aspects of 
esophageal cancer. Chapter three and four have aimed candidate molecular markers of 
esophageal cancer. Chapter three describes the present molecular marker in addition 
to the role of stem cell biology in the identification of biomarkers. Chapter four has 
focused on the application of proteomic in the etiology and identification of tumor 
markers regarding esophageal cancer; the present identified marker and future 
prospects. 

Chapter five and six have oriented toward dietary and metabolic pathways. In chapter 
five our present knowledge of structural and functional features of retinoic acid and 
effect of ethanol metabolic pathway on retinoic acid supply in pathogenesis of 
esophageal cancer is discussed. Chapter six has focused on a long term case-control 
cohort study on the role of different nutritional factors, minerals, vitamins in 
esophageal cancer.  

The last five chapters are dedicated to the clinical features of esophageal cancer. 
Chapter seven and eight have focused on the histo-pathological features, diagnosis as 
well as current therapies of esophageal cancer and chapter nine on the application of 
recent achievements in the cell and molecular biology based targeted cancer therapy. 
Chapter ten and eleven have briefly focused on the two especial features of esophageal 
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cancer which have received less attention in the literatures. In chapter ten a case report 
of primary malignant melanoma of the esophagus (PMME), a rare disease diagnosed 
in the advanced stage years after the first diagnosis is discussed and finally the last 
chapter has focused on the importance of recognition and monitoring Extravascular 
Lung Water using PiCCO system during preoperative managements of 
esophagectomy with extensive lymph node dissection for thoracic esophageal cancer. 

  
Dr Ferdous Rastgar Jazii 

Associate Professor, Faculty at the National Institute  
of Genetic Engineering and Biotechnology of Iran (NIGEB), 

Iran 
Research Fellow, Department of Molecular Structure and Function,  

Hospital for Sick Children Research Institute, Toronto,  
Canada 
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Molecular Biology Character  
of Esophageal Cancer 

Mingzhou Guo, Yan Jia and Wenji Yan 
Department of Gastroenterology & Hepatology,  

Chinese PLA General Hospital 
China  

1. Introduction 
Esophageal cancer (EC) is the eighth most common cancer and the sixth most common 
cause of cancer death worldwide. Esophageal squamous cell carcinoma (ESCC) and 
adenocarcinoma (EAC) are two major histopathological type of esophageal cancer. The 
incidence of EC was increased in the past 3 decades. Five-year survival of advanced cancer 
is still very poor, even though improved surgical techniques and adjuvant chemoradiation 
therapy. It is very important to understand esophageal cancer biology.  

2. Genetic changes in esophageal cancer 
Genetic change is one of the major events in transforming normal esophageal epithelia to 
malignant cells. Mutations and genetic polymorphisms in coding gene sequences may cause 
functional alteration of genes. Functional mutation and single nucleotide polymorphism 
(SNP) (eg.p53, SULT1A1, CYP3A5, ALDH2, ADH1B1 and ECRG1) is related to 
susceptibility of esophageal cancer. 

2.1 Effects of mutations and SNPs in esophageal cancer  

P53 is involved in multiple cellular pathways including apoptosis, transcriptional 
regulation, and cell cycle control. Alterations in p53 have been reported to occur at an early 
stage of EC. P53 mutation was observed in exon 5 and accounted for about 77% of ESCC 
patients (Hu, Huang et al., 2001). Fanconi gene family is another interesting example. The 
risk of ESCC is associated with both heterozygous and homozygous mutations in several 
Fanconi anemia-predisposing genes, such as heterozygous insertion/deletion mutations in 
FANCD2 (p.Val1233-del), FANCE (p.Val311SerfsX2) and FANCL (p.Thr367AsnfsX13) 
(Akbari et al., 2011). 

SNPs in p53 pathway also play important roles in EC tumorigenesis. SNP in p53 gene 
(Arg72Pro) decreased apoptosis and was associated with increased risk, earlier age of onset, 
reduced response to chemotherapy and early recurrence in esophageal cancers (Pietsch et 
al., 2006). T309G is located in the promoter region of MDM2, which is the regulator of p53 
pathway. Transcription factor may easily bind to the G variant of MDM2, increase MDM2 
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expression and reduce apoptosis in response to DNA damage (Bond et al., 2004). MDM2 
T309G G/G was associated with an increased risk of death in ESCC (Cescon et al., 2009). 

SNPs in key genes are associated with EC, such as genes involved in nucleotide excision 
repair (NER) and base excision repair (BER) pathways. The increasing number of variant 
alleles in SNPs of NER showed a significant trend to EAC, including XPD Lys751Gln, 
ERCC1 8092 C/A and ERCC1 118C/T (Tse et al., 2008). Esophageal cancer related gene 1 
(ECRG1) is reported as a novel tumor suppressor. ECRG1 is normally expressed in 
esophagus, but reduced in ESCC. ECRG1 (Arg290Gln) was identified as the susceptible SNP 
of ESCC (Li et al., 2006). It has been found that the increased risk of ESCC relates to 
combined SULT1A12*2 genotype and CYP3A5 heterozygous genotypes, especially in 
tobacco smokers (Dandara et al., 2006). SNP of ATP-binding cassette sub-family B 
(MDR/TAP) member 1 gene (ABCB1) was reported to be associated with lymph node and 
distant metastases in EC (Narumiya et al., 2011). SNP also impacted disease-free survival 
(DFS) of ECs. The MDM2 T/G and CDH1 GA/GA genotype confer risk of death in EAC 
patients (Boonstra et al., 2011). Vascular endothelial growth factor (VEGF) 936C/T is 
associated with an improved overall survival compared with wild type genotype in EC 
(Bradbury et al., 2009). 

2.2 Effects of chromosomal abnormalities in esophageal cancer 

Genomic alterations, such as amplification, deletion, translocation and loss of heterozygosity 
(LOH) play an important role in initiation and progression of cancer. Recently a panel of 
chromosome instability biomarkers, including LOH and DNA content, has been reported to 
identify patients at high and low risk of progression from Barrett's esophagus (BE) to EAC 
(Paulson et al., 2009). 

Chromosomal aberrations have been discovered in BE and EAC, including frequent gain of 
chromosomes 6p (10–37%), 7q (17–37%), 7p (30–60%), 8q (50–80%), 10q (20–50%), 15q (10–
40%), 17q (30–50%), and 20q (50–80%); and frequent loss of chromosomes 4q (20–50%), 5q 
(20–50%), 9p (20–50%), 14q (30–40%), 16q (36–40%), 17p (30%), 18q (20–60%) and Y (60–
76%). The proto-oncogenes are often duplicated, such as MYC (8q), EGFR (7p) and ERBB2 
(17q). But tumor suppressor genes are usually deleted in BE and EAC, including APC, 
CDKN2A, p53, and SMAD4 (Akagi et al., 2009). Genomic instability varied widely across 
chromosomal arms, with the highest frequency of LOH on 9p, CN (copy numbers) loss on 
3p, and CN gain on 3q in ESCC (Hu et al., 2009). 

ERBB2 and Topoisomerase (DNA) II alpha (TOP2A) genes are located in 17q12-q21.2 region 
which was reported to be amplified in EACs. Amplification of ERBB2 was found in 10% to 
70% of EAC samples. Antagonist of ERBB2, Trastuzumab/Herceptin, inhibits growth of 
OE19 EAC cell line, which exhibits high expression of ERBB2. TOP2A gene is associated 
with cell proliferation, and amplified TOP2A has been reported in ESCC (Akagi et al., 2009). 
The epidermal growth factor receptor (EGFR) I, a tyrosine kinase (TK) involved in several 
tumor progression and may serve as an important therapeutic target (Erlotinib, Cetuximab). 
Homogeneous EGFR amplification defines a subset of aggressive Barrett's adenocarcinoma 
with poor prognosis (Marx et al., 2010). Numerous studies have been reported that  
chromosomal abnormalities (aneuploidy and tetraploidy) and loss of heterozygosity (LOH) 
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may be used as biomarkers to predict progression of Barrett’s esophagus to EAC (Reid et al.,  
2000). It was demonstrated that a number of SNPs was highly correlated with chromosomal 
abnormalities in Barrett’s esophagus and EAC (Li et al., 2008). 

3. Epigenetic changes in esophageal cancer 
The term epigenetics refers to the study of heritable changes in gene expression without 
changes in gene sequence. In addition to genetic alteration, epigenetic modifications are 
recognized as a common molecular alteration in human cancers. DNA methylation and 
histone modifications are important epigenetic changes during tumor initiation and 
progression (Sadikovic et al., 2008). Non-coding RNA (ncRNA) is another kind of epigenetic 
regulation factor, especially microRNA (miRNA) was recently regarded as the important 
gene expression regulator. Epigenetic regulation was involved in different pathways 
including cell cycle, apoptosis, DNA repair et al (W. Zhang et al., 2008; X. Zhang et al., 2010). 

3.1 DNA methylation 

DNA methylation leads to gene silencing either by directly block the transcriptional factors 
binding to DNA, or by MBP which recruits chromatin remodeling co-repressor complexes  
(Klose & Bird, 2006). Promoter region methylation was reported frequently in human 
esophageal cancer. DNMT1, DNMT3A and DNMT3B have been identified as DNA 
methytransferases in eukaryotic cells. DNMT1 is involved in maintaining DNA methylation, 
DNMT3A and DNMT3B are responsible for de novo methylation. Overexpression of these 
DNMTs were reported to be involved in a variety of cancers including EC (Kassis et al., 
2006). DNMT3L and DNMT2 were reported recently related to DNA methylation. DNMT3L 
is required for the methylation of imprinted genes in germ cells, and interacts with DNMT3a 
and 3b in de novo methyltransferase activity (Chen et al., 2005). And the function of DNMT2 
remains unclear, its strong binding to DNA suggests that it may mark specific sequences in 
the genome. 

Methylation profile is different in ESCC and EAC. Adenomatous polyposis coli (APC) is 
frequently methylated in EAC, but infrequently in ESCC (Zhang & Guo, 2010). 
CDKN2A/p16INK4a methylation is a frequent and early event both in ESCC and EAC (Wang 
et al., 2009). Caudal type homeobox 2 (CDX2) is expressed in gut epithelia and plays an 
important role in establishing intestinal phenotype during development. CDX2 is frequently 
methylated in ESCC (49%), but rarely in EAC (5%) (Guo et al., 2007). Inactivation of CDX2 in 
EC associated with DNA methylation may be an important determinant of squamous or 
non-adenomatous phenotype. Multiple genes methylation increases during progression 
from esophageal mucosa to EC [Figure1] (Fang et al., 2007; Guo et al., 2006). No RARβ2 
methylation was observed in normal esophagus but increased methylation was found with 
the progression of esophageal carcinogenesis. Hypermethylation of p16 and APC is related 
to high-grade dysplasia or cancer in BE patients. 

There is considerable epidemiological evidence suggesting that alcohol, tobacco, diets 
deficient in vitamins/protective antioxidants, carcinogens and thermal injuries are 
important in the pathogenesis of EC. Cigarette smoke is a key factor in esophageal 
carcinogenesis. It was reported that cigarette smoking is a cause of SSBP2 promoter 
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methylation and that SSBP2 harbors a tumor suppressive role in ESCC through inhibition of 
Wnt signaling pathway (Huang et al., 2011). A previous study demonstrated that duration 
of tobacco smoking is correlated significantly with DNA methylation of HOXA9, MT1M, 
NEFH, RSPO4, and UCHL1 in the background esophageal mucosa of EC patients (Oka et 
al., 2009).  

 
ED: esophageal dysplasia; EC: esophageal cancer 

Fig. 1. Accumulated methylation of genes in the progression of esophageal cancer.  

3.2 Histone modification 

Histone modification (acetylation, methylation, phosphorylation, ubiquitylation, et al.) has 
important functions in many biological processes including heterochromatin formation, X-
chromosome inactivation and transcriptional regulation. In mammals histone arginine 
methylation is found on residues 2, 8, 17 and 26 of histone H3 and residue 3 of histone H4. 
Histone lysine methylation occurs on histones H3 and H4 and can be mono-, di- or 
trimethylated. Similar to histone lysine methylation, arginine methylation occurs in mono-
methyl, symmetrical di-methyl or asymmetrical di-methyl state, and contributes to both 
active and repressive effects on chromatin function (Martin & Zhang, 2005). Methylation on 
the same site can lead to different outcomes depending on the number of methyl groups 
added. However the functional relevance of these modification states remains poorly 
understood. Although there is no evidence that lysine methylation directly affects chromatin 
dynamics, acetylation of lysine residues in histones is reported to antagonize folding of 
chromatin in vitro (Hansen, 2002). In mice, for example, it has been shown that pericentric 
heterochromatin is specifically enriched in trimethyl-H3-K9 and H4-K20, and the effect is 
silencing of transcription; while mono- and dimethyl-H3-K9 and H4-K20 are found in 
euchromatin, and play activating transcriptional function, even though there some argues 
(Peters et al., 2003; Schotta et al., 2004). The main sites of lysine methylation that have been 
associated with gene activity include K4, K36 and K79 of histone H3. Trimethylation of 
lysine 27 on histone H3 (H3K27me3) is an silencing epigenetic marker.  
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Acetylation neutralizes the positive charge of lysine, it has been suggested that this 
modification might operate through an electrostatic mechanism and histone acetylation is 
associated with active gene transcription. DNA methylation and histone modifications have 
recently been reported to cooperate in controlling gene expression (Johnson et al., 2002). 
Methylation of histone H3 lysine 9 was triggered by DNA methylation. DNA 
methyltransferases have been shown to interact with histone deacetylases (HDAC), histone 
methyltransferases, and methyl-cytosine-binding proteins in complex network (Fuks et al., 
2000). Histone modifications and DNA methylation are epigenetic phenomena that play a 
critical role in neoplastic processes.  

H3K18Ac and H3K27triMe was correlated with worse survival of ESCC, especially in early 
stages patients (Langer et al., 2009). Zester homolog 2 (EZH2) is reported to be 
overexpressed and correlates with poor prognosis in human cancers. The expression 
frequency and expression levels of H3K27me3 were significantly higher in ESCCs than in 
normal tissues by immunohistochemistry. Expression of H3K27me3 was significantly 
correlated with WHO grade, tumor size, T status, locoregional progression and EZH2 
expression. High expression level of H3K27me3 was significantly associated with poor 
locoregional progression-free survival (LPFS) in ESCC (He et al., 2009). A study of 237 ESCC 
patients showed that histone modifications have significant effects on recurrence-free 
survival (RFS) after esophagectomy in ESCC, such as acetylation of histone H3 lysine9  
(H3K9Ac), histone H3 lysine 18 (H3K18Ac), and histone H4 lysine 12 (H4K12Ac), and the 
dimethylation of histone H3 lysine 9 (H3K9diMe) and histone H4 arginine 3 (H4R3diMe). 
1% increased global level of H3K18Ac in pathologic stage III worsened RFS at 1.009 times, 
after adjusting for age, sex, and operative method (I et al., 2010). Global levels of histone 
modifications in ESCC may be an independent prognostic factor of RFS. 

3.3 Non-coding RNA 

Non-coding RNAs (ncRNAs) are functional RNA molecules that do not code for proteins. 
Based on size, they are divided into different classes: long ncRNAs (lncRNAs), Piwi-
interacting RNAs (piRNAs), small interfering RNAs (siRNAs), microRNAs (miRNAs), etc 
(Brosnan & Voinnet, 2009). NcRNAs were regarded as important factors of cancer. MiRNA 
is only well-studied ncRNAs in different disease, including esophageal cancer. MiRNAs are 
a class of single stranded, evolutionarily conserved non-coding RNAs, only 17-25 
ribonucleotides long, involved in a wide spectrum of basic cellular activities through their 
negative regulation of gene expression. 

MiRNAs play important roles in cellular activities such as proliferation, apoptosis and 
differentiation (Bartel, 2004). MiRNAs are involved in the development, progression and 
prognosis of esophageal cancers (Feber et al., 2011). As shown in Table 1, expression of 
miRNAs is different in EAC and ESCC. It was reported that miR-25, miR-151 and miR-424 
were up-regulated, whereas miR-29c, miR-99a and miR-100 were reduced in EC. The 
pattern of these miRNAs may be used to distinguish malignant from normal esophagus. 
Low level of miR-103/107 expression showed a strong correlation with high overall and 
disease-free survival periods for EC patients, which may be used for the diagnosis of 
esophageal cancer. Higher level of miR-196a was observed in EAC, BE and dysplastic 
lesions compared with normal mucosa. MiR-145, miR-133a and miR-133b inhibited cell 
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proliferation and invasion in ESCC. MiR-200a has been linked to the etiology and prognosis 
of ESCC. Expression levels of mature miR-21 and mature miR-145 were significantly higher 
in ESCC than those in normal epithelium, and were significantly associated with lymph 
node positive, recurrence and metastasis in ESCC (Akagi et al., 2011; Guo et al., 2008; Kano 
et al., 2010; Maru et al., 2009). 
 

Patho-
logical 
type 

Overexpression Downregulation Predicted targets of  
miRNAs Reference 

EAC miR-215, miR-560, 
miR-615-3p, miR-192, 
miR-326, miR-147 

miR-100, miR-23a, 
miR-605, miR-99a, 
miR-205, let-7c,miR-203 

HMGA2 (let-7c), 
ZEB1 and ZEB2 (miR-205) 

(Fassan et al., 
2010) 

ESCC miR-145, miR-133a, 
miR-133b 

Let-7 FSCN1(miR-145,miR-133a, 
miR-133b) HMGA2 (Let-7) 

(Kano et al., 
2010; Liu et 
al., 2011) 

ESCC, 
EAC 

miR-21 miR-375 PDCD4, NFIB, PTEN, 
TPM1 (miR-21); 
PDK1 (miR-375) 

(Mathe et al., 
2009; 
Matsushima 
et al., 2010)  

ESCC miR-93 miR203,miR205 FUS1, E2F1, TP53INP1 
(miR-93); ΔNp63 (miR-203) 

(Feber et al., 
2008; Yuan et 
al., 2011)  

ESCC miR-373, miR-129 miR-10a Rab11, APC, LATS2 
(miR-373); LATS2 (miR-129)
HOX family (miR-10a) 

(Matsushima 
et al., 
 2010) 

EAC: esophageal adenocarcinoma; ESCC: esophageal squamous cell carcinoma 

Table 1. MiRNAs expression profile in EAC and ESCC. 

In the progression from low-grade dysplasia (LGD) to high-grade dysplasia (HGD) of 
esophagus, miR-513, miR-125b, miR-101 and miR-197 were up-regulated; miR-23b, miR-20b, 
miR-181b, miR-203, miR-193b, and miR-636 were down-regulated. MiR-345, miR-494, miR-
193a, let-7a, let-7b were down-regulated in progression from HGD to EAC (Yang et al., 
2009). MiR-196a level is increased with the progression from normal mucosa to EAC (Maru 
et al., 2009).  

In the past few years, increasing evidence has indicated that a substantial number of 
miRNAs were regulated by DNA methylation in cancers. Like protein-coding genes, 
hypermethylation in promoter region of miRNAs was recognized as the mechanism of 
miRNA regulation in cancers. For example, miR-375, miR-34a, miR-34b/c and miR-129-2 
were down-regulated by hypermethylation in EC, and frequent methylation of miR-129-2 
was regarded as early detection biomarker of ESCC (Chen et al., 2011; Li et al., 2011). 

4. Biology of esophageal precancerous lesion  
Most tumors are adenocarcinomas in western societies, squamous cell cancers constitute 
over 80% of EC in the world. The development of human esophageal cancer is a multistep, 
progressive process. An early indicator of this process is an increased proliferation of 
esophageal epithelial cells morphologically including basal cell hyperplasia, different grades 
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of dysplasia, carcinoma in situ (CIS) and advanced esophageal squamous cell carcinoma 
(ESCC) (Guo et al., 2008). The widely studied precancerous lesion is Barrett’s esophagus. 

Barrett’s esophagus (BE) is an acquired condition in response to chronic gastro-
esophageal reflux. EAC was developed through progression from normal epithelium to 
metaplasia,  and different grade of dysplasia (Flejou, 2005). Barrett’s esophagus is defined 
as replacement of normal squamous epithelium with intestinal column epithelium in 
distal portion of esophagus. The incidence rate of HGD or cancer per patient-year for non-
dysplastic Barrett’s esophagus was 0.49%. 13.4% of LGD will become HGD or cancer in 
one year. 10% or greater of high-grade dysplasia may develop to invasive cancer per 
patient-year (Curvers et al., 2010; Shaheen & Richter, 2009). Barrett’s esophagus is thought 
to be a precancerous lesion with the following changes: augmentation of cell cycle and 
proliferation, increased angiogenesis and aneuploidy, decreased antiproliferative 
signaling and apoptosis. The molecular basis of the development of EAC, although 
extensively studied (Brabender et al., 2004; McManus et al., 2004), is still remains unclear. 
Better understanding of the molecular alterations during its development might improve 
prevention and treatment.  

In the last three decades, the incidence of Barrett’s esophagus-associated esophageal 
adenocarcinoma (BEAC) is increasing very fast in western world (Blot & McLaughlin, 1999). 
Despite improvements in treatments of EAC, the prognosis is still poor (Falk, 2002). 
Therapeutic advances in BEAC have lagged behind other cancers due to its paucity of 
reliable models in vitro and in vivo. Although Bic-1 and OE33 cells have been established as 
BEAC-derived cell lines, molecular character remains unclear. BEACs have been shown to 
undergo loss of heterozygosity at chromosome 18q, the location of smad2 and smad4, in up 
to 69% of patients, and in as many as 46% of patients with non-dysplastic BE (Barrett et al., 
1996; Wu et al., 1998). For the treatment, 2-methoxyestradiol (2-ME(2)) is increasingly 
recognized as a novel chemotherapy drug to activate a wide array of anti-cancer targets 
with a relative sparing of normal tissues (Dahut et al., 2006; Sweeney et al., 2005). 2-ME(2) 
was reported to play an important role in chemoprevention and therapy of BEAC 
(Kambhampati et al., 2010).  

Bile acids may play an important role in progression from BE to EAC. It is reported that bile 
acid reflux present in patients with BE may increase cell proliferation via activation of PI-
PLCγ2, ERK2 MAP kinase, and NADPH oxidase NOX5-S, thereby causing DNA damage 
and gene mutation, which contribute to the development of EAC (Hong et al., 2010). Trefoil 
factor 3 (TFF3) was identified as a promising biomarker to screen asymptomatic patients for 
Barrett’s esophagus (Lao-Sirieix et al., 2009). Increased expression of cyclinD has been 
implicated in predisposition to transform from metaplastic epithelium to cancer (Trudgill et 
al., 2003).  

5. Key protein and pathway involved in esophageal cancer 
More than 500,000 patients are diagnosed as esophageal cancer annually. Molecular factors 
are including aberrant regulation of cyclooxygenase-2 (COX-2), TNF-α and several 
pathways such as Wnt signaling pathway, TGF-β signaling pathway, NF-κB signaling 
pathway and so on. 
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5.1 Wnt signaling pathway 

Wnt/β-catenin signaling pathway plays crucial roles in regulation of cellular activity during 
embryonic development and human diseases including cancers (Logan & Nusse, 2004). 
Numerous Wnt signaling components, including WNT, secreted frizzled-related proteins 
(SFRPs), β-catenin, are also of pivotal importance in carcinogenesis of esophageal cancers 
(Clement et al., 2006).  

Epigenetic regulation of key genes in Wnt signaling pathway was described above. Aberrant 
activation of Wnt signaling pathway has significant effect on the development of esophageal 
cancer from Barrett’s esophagus. WNT2 is upregulated along the progression from LGD to 
EAC, its expression was higher in dysplasia and EAC than in BE, with 77% of EAC showing 
high expression of WNT2 (Clement et al., 2006). β–catenin has emerged as a key regulator of 
Wnt signaling pathway, which plays an important role in development and progression to 
cancers. Accumulation of nuclear β–catenin in esophagus squamous epithelium might be 
the crucial step for the carcinogenesis of ESCC (Veeramachaneni et al., 2004). Reduced 
membranous β-catenin expression has been associated with progression, invasion and poor 
prognosis in EC (Krishnadath et al., 1997). SRY-box containing gene 17 (SOX17) is reported 
to play critical roles in regulation of development and stem/precursor cell function through 
repression of Wnt pathway activity (Gubbay et al., 1990). Hypermethylation of SOX17 was 
found frequently in ESCC (Zhang et al., 2008). Several studies have reported nuclear 
accumulation of β-catenin is an indicator of activation of Wnt/β-catenin signaling, and 
nuclear translocation of β-catenin was observed during progression of BE towards EAC 
(Osterheld et al., 2002).  

5.2 TGF-β pathway  

Transforming growth factor-β (TGF-β) was initially identified and named on the basis of its 
ability to stimulate fibroblast growth in soft agar, but it is now the best-studied growth 
inhibitory protein. TGF-β family has emerged as a major source of signals that control cell 
growth and differentiation (Massague, 2000). TGF-β signaling pathway is reported to be 
frequently involved in gastrointestinal carcinogenesis (Blaker et al., 2002). 

TGF-β is regarded as both tumor suppressor and oncogene (Pardali & Moustakas, 2007). In 
human prostate cancer, overexpression of TGF-β1 enhanced angiogenesis around the tumor, 
which increased metastasis of prostate cancer. On the other hand, gallbladder tumors 
secrete TGF-β, which inhibits angiogenesis and results in reduced tumor growth. 
Thrombospondin1 (THBS1), cystene-rich protein 61 (Cyr61) and connective tissue growth 
factor (CTGF) are all involved in TGF-β signaling pathway, which plays an important role in 
tumorigenesis. In human breast cancer THBS1 reduces tumor growth, metastasis and 
angiogenesis (Sheibani & Frazier, 1995). TGF-β signaling pathway can be activated by 
THBS1 through its interaction with latent TGF-β binding proteins (LTBP), so that TGF-β is 
capable of binding to its receptors and stimulating Smad pathway (Crawford et al., 1998). 
Smad proteins bind to Cyr61 and CTGF promoters, which leads to transcription of Cyr61 
and CTGF and activation of angiogenesis and tumor growth (Bartholin et al., 2007; Holmes 
et al., 2001). It has been reported that THBS1 expression in stroma of ESCC was correlated 
with lymph node metastasis and Cyr61 expression in Barrett's tissue of EAC was 
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significantly higher than that in Barrett's esophagus with no cancer (Di Martino et al., 2006; 
Oshiba et al., 1999). Recently, CTGF expression was found to be upregulated in ESCC and 
significantly related to survival of ESCC patients (Koliopanos et al., 2002). Moreover, CTGF, 
CYR61 and THBS1 were overexpressed in ESCC, and Cyr61 and CTGF could serve as 
independent prognostic markers for ESCC (Zhou et al., 2009). Expression level of Smad4 
was profoundly reduced at all stages of progression from Barrett’s dysplasia to esophageal 
carcinoma. And 70% of EACs had hypermethylation of Smad4 gene. In Barrett’s metaplasia-
dysplasia-adenocarcinoma sequence, downregulation of Smad4 occurs due to several 
mechanisms, including methylation, deletion, and protein modification. And the resulting 
functional effects of impaired TGF-β signaling are profound throughout this carcinogenesis 
(Onwuegbusi et al., 2006). 

TGF-β signaling has been shown to be paradoxical in tumorigenesis. In addition to 
inhibitors of TGF-β signaling, as tumor suppressor, many factors may activate TGF-β 
signaling, such as HDAC inhibitor, SAHA and synthetic terpenoid. It is a good strategy to 
block the initiation of tumorigenesis through the development of TGF-β mimics in order to 
achieve chemoprevention.  

5.3 NF-κB signaling pathway 

NF-κB signaling pathway plays important roles in regulation of cell growth and motility. 
The NF-κB family is composed of p50, p52, RelA/p65, c-rel, and Rel B. The homodimers and 
heterodimers are sequestered in cytoplasm as an inactive form by the inhibitor of kappa B  
(IκB). Upon stimulation, the IκB kinase complex (IKK) phosphorylates κB inhibitor, which 
releases NF-κB and allows its phosphorylation, nuclear translocation, and subsequent 
activation of target genes involved in the regulation of cell proliferation, survival, 
angiogenesis and metastasis (Brown et al., 1995). Constitutively active NF-κB is commonly 
detected in human cancer cell lines and tumor tissues including ESCC, but is rare in normal 
cells (Sethi et al., 2008). There is strong evidence of NF-κB being involved in cancer 
progression, thus NF-κB and its downstream signaling may serve as therapeutic targets  
(Basseres & Baldwin, 2006). However, the role of NF-κB signaling pathway is not quite 
understood during esophageal carcinogenesis. It is reported that inhibition of NF-κB can 
increase the chemosensitivity of EC cells in vitro (Li et al., 2006). 

NF-κB inhibitors (Bay11-7082 and sulfasalazine) were found to reduce proliferation, induce 
apoptosis, increase chemosensitivity (5-fluorouracil, and cisplatin), inhibit migration and 
invasion of ESCC cell lines. More importantly, Bay11-7082 had significant antitumor effects 
on ESCC xenografts in nude mice by promoting apoptosis, and inhibiting proliferation and 
angiogenesis, as well as reduced the metastasis of ESCC cells to lungs without significant 
toxic effects. NF-κB inhibitors may be potential therapeutic agents for patients with 
esophageal cancer (Li et al., 2009).  

5.4 Proteins involves in the other pathways  

Except to signaling pathways mentioned above, there are other key proteins were also 
involved in esophageal carcinogenesis. Short survival and disappointing prognosis of EC is 
due to its resistance to many clinical therapies such as chemotherapy and radiotherapy 
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(Toshimitsu et al., 2004). Aurora-A kinase, a serine/threonine protein kinase, is a potential 
oncogene. Amplification and overexpression of Aurora-A have been found in ESCC. 
Overexpression of Aurora-A lead to resistance to cisplatin-induced apoptosis and promoted 
proliferation in esophageal cancer cell lines (Tanaka et al., 2005).  

RARβ2 is reported to be a putative tumor suppressor and is necessary for growth inhibiton  
of retinoic acid (RA) (Chambon, 1996). Loss of RARβ expression was an early event 
associated with esophageal carcinogenesis and the status of squamous differentiation (Qiu 
et al., 1999). Frequent methylation and loss of RARβ2 expression was found in ESCC. DNA 
methylation of RARβ2 and tumor grade were correlated significantly in EC. And the 
correlation of methylation and loss of RARβ2 expression was only found in G2 stage. 
RARβ2 expression was restored and cell growth was inhibited by 5-aza-dc treatment (Liu et 
al., 2005).  

Extensively study of key proteins and signaling pathways will help further understanding 
the mechanisms of esophageal carcinogenesis, and may improve traditional therapy. 

6. Biomarker for esophageal cancer diagnosis and prognosis  
Esophageal cancer is one of the most common malignancy worldwide. The overall 5-year 
survival rates are 10% to 15% due to late diagnosis, metastasis, and resistance to 
radiotherapy and chemotherapy. Novel early detection marker is urgently needed.  

6.1 Potential markers for clinical application in esophageal cancer 

Increasing number of studies are focused on EC early detection and promising results were 
obtained. CDC25B-Abs were reported to be a possible prognostic serological marker for 
poor survival in advanced ESCC. Expression of HIWI in ESCC is significantly associated 
with poorer prognosis. WDHD1 is a potential therapeutic target and a candidate biomarker 
for patients with EC. IGF2 LOI may be a clinically relevant molecular marker of risk for EAC 
and imprinting status is associated with post-operative outcome following esophageal 
resection. As shown in Table 2, methylation of HLA-I, CDH1, Integrin α4, RUNX3 and 
Claudin-4 is associated with poor prognosis, whereas methylation of APC and FHIT is 
related to better prognosis in ESCC.  

Frequent methylation of CDKN2A/p16INK4a, O6-methylguanine-DNA methyltransferase (MGMT), 
E-cadherin (CDH1) and RARβ2 was found in esophageal cancer. Accumulation of gene 
methylation was detected in the progression of esophageal cancer (Guo et al., 2006). HIN-1 
(High in normal-1) is a tumor suppressor gene that is highly expressed in many  normal 
tissues. Loss of HIN-1 expression and promoter region methylation was found in 13 (72%) of 
esophageal cancer cell lines. And methylation of HIN-1 was present in 0% of normal 
mucosa, 31% of grade I dysplasia, 33% of grade II dysplasia, 44% of grade III dysplasia, and 
50% of esophageal cancer specimens (Guo et al., 2008). Methylation of HIN-1 is an early 
event in dysplastic transformation to esophageal cancer.  

Cytokeratin (CK) is an essential cytoskeletal component involved in fixation of  nucleus 
and maintenance of cell morphology. No expression of CK18 or CK8 was found in non-
cancerous squamous epithelium. CK18 and CK8 were found of 42.9% and 40.5% positive 
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respectively in esophageal carcinoma. Prognosis is poorer in patients with CK18-positive 
than in negative ESCC. CK18 expression was reported to be an independent prognostic 
factors in ESCC. And CK18/CK8 correlated with progression of ESCC (Makino et al., 
2009). 
 

Gene Histologic
al type  Prognostic value Follow-up 

period Reference 

HLA-I 
 
 

APC 
 
 

FHIT 
 

CDH1 
 
 
 

Integrin α4 
 
 

RUNX3 
 
 

Claudin-4 

ESCC 
 
 

ESCC 
 
 

ESCC 
 

ESCC  
 
 
 

ESCC 
 
 

ESCC 
 
 

ESCC 

poor prognosis, lymph node 
metastasis 
 

superior prognosis, decreased  
metastatic lymph nodes  
 

superior prognosis  
 

increased recurrence and poor 
RFS after surgery in stage I 
cancer 
 

increased recurrence and poor 
RFS in stage II cancer 
 

poor prognosis  
 
 

poor prognosis  

Shorter in 3 
years 
 

35 months 
 
 

35 months 
 

3.3 years 
 
 
 

3.3 years 
 
 

Shorter in 4 
years 
 

31.5 months 
(median) 

(Qifeng et al., 2011) 
 
 

(Kim et al., 2009) 
 
 

(Kim et al., 2009) 
 

(Lee et al., 2008) 
 
 
 

(Lee et al., 2008) 
 
 

(Tonomoto et al., 2007) 
 
 

(Sung et al., 2011) 

EAC: esophageal adenocarcinoma; ESCC: esophageal squamous cell carcinoma; 
BE: Barrett’s esophageal; ED: esophageal dysplasia; RFS: recurrence-free survival  

Table 2. Prognostic value of gene methylation in esophageal cancer. 

Increased β-catenin expression was noted in 18.2% ESCC samples. Reduced expression of 
Axin, β-TrCP and APC was observed in 46.0%, 24.4%, and 48.2% specimens, respectively. Axin 
is a negative regulator of Wnt signalling pathway, and genetic alterations of AXIN1 have been 
suggested to be an important factor in carcinogenesis. Reduced Axin expression was observed 
in 46% of ESCC. Expression of Axin was found to be correlated inversely with depth of 
invasion, lymph node metastasis, and lymphatic invasion in ESCC. Reduced Axin protein 
expression, lymph node involvement, and distant metastasis were significant negative 
predictors for overall survival and disease-free survival (Li et al., 2009; Nakajima et al., 2003).  

MiRNA expression profiling could provide prognostic utility in staging esophageal cancer 
and treatment plan by endoscopic and neoadjuvant therapies. The alterations of specific 
miRNAs may further elucidate the metastatic mechanism and allow development of 
targeting therapy (Feber et al., 2011). Elevated levels of miR-21, miR-155, miR-146b, and 
miR-181b and reduced expression level of miR-223 were significantly associated with poor 
prognosis (Mathe et al., 2009). 

7. Conclusion 
The major goal of molecular biology study is curing of esophageal cancer. Although the 
molecular biological character was described above, the mechanism of esophageal 
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carcinogenesis remains unclear. Esophageal cancer is still one of the most lethal diseases 
even though the improved approaches of diagnosis, prevention and treatment. Therefore, 
greater effort is desired to comprehensively understand the molecular biology of 
esophageal carcinogenesis. The insight into cancer biology could be translated into 
practical approaches for the prevention, diagnosis and treatment of esophageal cancer. 
Due to the complexity of cancers, the early detection of esophageal cancer is more 
important at present time. 
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1. Introduction 
Esophageal cancer is the eighth common cancers in the world and the sixth most common 
cause of cancer-related death throughout the world [1, 2]. Histologically, esophageal cancer 
can be divided into adenocarcinoma and squamous cell carcinoma (SCCE). Esophageal 
cancer is among the most malignant type of cancers which rapidly invade into the 
surrounding tissues, metastases to the surrounding lymph nodes, and distant organs. Since 
clinical symptoms of esophagus cancer appear in the advanced stages of carcinogenesis, the 
majority of patients are diagnosed and receive medical attention only when the tumor has 
already gained substantial volume, spread into surrounding tissues, and cause obstruction 
when food is swallowed. Despite large improvements in the detection of cancers, surgical 
procedures and treatments, the prognosis of esophageal cancer remains poor and the 5-year 
survival rate is still low [3]. Therefore, early detection, seeking new strategies for treatment, 
comprehensive understanding of the molecular and genetic alterations of esophageal 
carcinogenesis are essential. 

In addition to molecular alterations environmental and nutritional factors, as well as 
cultural habits are thought to be contributing factors in the development of esophageal 
cancer. The two major habitual risk factors are tobacco smoking and alcohol consumption. 
Chronic irritation and inflammation of the esophageal mucosa, which might be caused by 
substantial alcohol intake, achalasia, and frequent consumption of extremely hot beverages, 
increases the incidence rate of squamous cell carcinoma of the esophagus. In addition, a 
clear link between squamous cell carcinoma of esophagus and low socioeconomic status has 
also been established.  
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While the major risk factors for esophageal adenocarcinoma are the two altered 
physiological conditions: gastroesophageal reflux disease (GERD) and  Barrett's esophagus 
[3], such association have not been proposed for squamous cell carcinoma of esophagus. In 
turn, a large number of molecular events were found to be involved in the development and 
progression of squamous cell carcinoma of esophagus. These events include genetic and 
epigenetic alterations in oncogenes, tumor suppressor genes, cell adhesion molecules, DNA 
repair genes, cell cycle regulatory genes, genetic instability as well as telomerase activation, 
and aberrant regulation of growth factors and their receptors. Recent studies have indicated 
that activation of cyclin D1, erbB-2, and c-myc oncogenes and inactivation of p53, Rb, APC, 
and p16 tumor suppressor genes are frequently involved in esophageal cancers [3-6].  

2. Growth factors 
The significant role of growth factors and growth factor-mediated signaling pathways in the 
tumorigenesis of esophagus has been well established and similar to many other types of 
cancers as a preferred target for esophageal cancer therapy [4]. 

Growth factors regulate growth and development of cells. They might be supplied by 
distant glands and tissues, neighboring cells, or in situ by tumor cells themselves. Thus 
growth factors might be provided by endocrine, paracrine or autocrine mechanisms among 
which autocrine mechanism is thought to play a significant role in the growth of cancer cells  
[7, 8]. Most growth factors are polypeptides that regulate numerous cellular responses, 
notably cell proliferation. They exert their effects by binding to specific receptor on the cell 
surface; which most often is associated with an intrinsic tyrosine kinase activity, or by 
forming a complex with an intracellular tyrosine kinase  [9]. Following to binding of growth 
factors to their corresponding receptors the tyrosine kinase activity is induced and 
phosphorylation of specific residue(s) in the intracellular domain of receptors occurs. Such 
phosphorylated cytoplasmic domains serve as docking sites for downstream signal 
transduction molecules and trigger signaling pathways that induce expression of cyclin D1, 
promoting cellular proliferation and survival (Fig 1, Fig 2) [10]. Aberrant regulation of 
growth factors and their corresponding receptors in addition to structural alterations in 
receptors play important role in tumorigenesis of esophageal cancer [4]. 

2.1 Epidermal Growth Factor Receptor (EGFR) 

The epidermal growth factor receptor (EGFR) family and their ligands including epidermal 
growth factor (EGF) and transforming growth factor-α (TGF-α) are implicated in the 
development of esophageal  cancer [7, 11-17]. The EGFR family composes of four members: 
EGFR (HER-1, erbB-1), HER2 (erbB-2, Neu), HER3 (erbB-3) and HER4 (erbB-4) [4, 18], all of 
which are tyrosine kinase receptors that are activated by ligand-induced homo or hetero 
dimerization. Overexpression of EGFRs is common in esophageal cancer and has been 
reported in several cell lines of SCCE, 29-92% of tumor samples of SCCE [19, 20] and 80% of 
patients with adeno and squamous cell carcinoma [21, 22]. EGFR upregulation correlates 
with poor prognosis, low survival rate and minimal response to chemotherapy [20, 23-25]. 
Amplification of EGFR gene has been found approximately in 8-30% of esophageal 
adenocarcinomas [21, 26]. Additionally, expression of EGF or TGF-α ligands along with 
overexpression of EGFR is correlated with esophageal cancer [7, 11, 12, 14-17]. EGF 
overexpression has also been detected in Barrett's-associated adenocarcinomas [13, 27, 28]. 
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Fig. 1. Schematic presentation of growth factor–mediated signaling pathways. The picture 
illustrates signaling pathways downstream of PDGF receptors, activated by ligand-induced 
dimerization. Other tyrosine kinase receptors induce similar pathways. Arrows indicate 
activation; inhibitory interactions are indicated by blunted lines [4]. 

EGF may also serve growth inhibitory effect that shown to be mediated by STAT-1 (signal 
transducer and activator of transcription1) pathway and its mediation in the upregulation of 
p21 cyclin dependent kinase inhibitor [4, 29, 30]. 

EGFR activation is associated with metastasis as it modulates cell adhesion, angiogenesis, 
invasion and migration. Since EGFR activation increases expression of matrix 
metaloproteases (MMPs) it causes degradation of extracellular matrix and promotes 
invasion and metastasis in esophageal cancer [31, 32]. In addition, it has also been shown 
that EGF is implicated in relocalization of E-cadherin from the lateral adherent sides to cell 
surface, resulting in cell morphology change and increased invasiveness [33]. 
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Fig. 2. Growth factors, Ras signaling and cell cycle regulation. Binding of growth factors 
TGF-α and EGF with EGFR (a tyrosine kinase receptor) promotes cell cycle progression by 
activating Ras and MAPK. MAPK signaling induces the expression of cyclins which bind 
CDKs and inactivate Rb. Activation of Ras also induces growth inhibitory effectors 
including p16 and p15. Similar to p53, p16 and p15 induce G1 arrest by inhibiting the 
function of cyclins and CDKs, thereby preventing cell cycle progression through the R-point 
[27]. By definition restriction point (R-point) is a point or event in G1 of a cell cycle at which 
cell becomes committed to progress cell cycle without requirement to extracellular 
proliferation stimulant.  

2.2 Human Epidermal Growth Factor Receptor 2 (HER2) 

Activation of certain tyrosine kinase receptors, such as EGF receptors and HER2 (erbB-2) 
results in phosphorylation of catenins and prevention of their binding to cadherins [34-36]. 
Regarding to this notion, overexpression of EGFR and HER2 (erbB-2) in esophageal cancer 
could possibly lead to sequestration of β-catenin, which result in the altered cell adhesion 
and increased tumor aggressiveness [27]. 

The role of HER-2 overexpression in esophageal cancer has been reported in 9%-60% of 
cases; depending on the stage of disease, tumor histology, or the applied methodology [4, 8, 
11, 37-41]. There is no known ligand for HER-2, as it does its function by forming 
heterodimer with other tyrosine kinase receptors. In fact, HER-2 (erbB-2) is an oncogenic 
form of the normal receptor tyrosine kinase and overexpression of erbB-2 by tumor cells is 
associated with hyperproliferation [4, 42]. Moreover, HER-2 expression may change during 
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tumor progression [4, 43-45]. Although some studies demonstrate that HER-2 
overexpression correlates with invasion, lymph node metastasis, and chemoresistance in 
esophageal cancer [46-48], others have shown that its expression is associated with favorable 
response to chemo or radiotherapy in esophagus cancer [49]. 

2.3 Insulin-like Growth Factor-1 (IGF-1) and IGF-1 receptor (IGF-1R) 

Insulin-like growth factor-1 (IGF-1) and its tyrosine kinase receptor: IGF-1R, contribute to 
esophageal cancer. Tumor growth upon overexpression of IGF-1R, prevention of apoptosis 
via IGF-1 autocrine loop, and mitogenic effects of IGF-1 and IGF-2 has been reported in 
esophageal cancer as well as Barrett’s-associated neoplasia [7, 50-52]. In addition, IGF 
binding protein-3 (IGFBP3); the major regulator of IGF-1 or IGF-2, is frequently 
overexpressed in SCCE in parallel with EGFR overexpression [53]. IGFBP3 has been shown 
to promote transforming growth factor β1-mediated epithelial to mesenchymal transition 
and motility in esophageal cancer [54]. Furthermore, the level of serum IGF-1 and IGFBP3 
significantly increases in esophageal cancer patients, which correlates with tumor invasion, 
poor prognosis, and low survival rate of patients [55] . 

Platelet-derived growth factor (PDGF) comprise a family of dimeric isoforms including the 
related A, B, C, and D polypeptides chains which bind to α- and β-tyrosine kinase receptors 
[56]. The significance of PDGF and its receptors in esophageal cancer is unclear. In 
physiological condition, normally, there is no expression of PDGF receptors in epithelial 
cells, while a number of studies have indicated the expression of different PDGF isoforms in 
esophageal cancer. It was found that PDGF-BB isoform promotes the growth of human 
esophageal carcinoma cell line and prevents apoptosis of cancer cells [57]. Additionally, 
overexpression of PDGFR-β  receptor has been shown in tumor tissues of esophageal cancer 
[23, 58]. 

2.4 Vascular Endothelial Growth Factor (VEGF) and other angiogenesis factors 

Vascular endothelial growth factor (VEGF) is composed of a family of closely related 
members, including VEGF-A, VEGF-B, VEGF-C, and VEGF-D as well as placental growth 
factor, among which VEGF-A is usually known as VEGF which is the main growth factor of 
endothelial cells. VEGF contributes to the vascular permeability, proliferation, as well as 
prevention of endothelial cell apoptosis. VEGFs utilize tyrosine kinase receptors of VEGFR 
family, including VEGFR-1 and VEGFR-2, and VEGFR-3, in which VEGFR-1 and VEGFR-2 
transmit growth signals for blood vascular endothelial cells while, VEGFR-3 is involved in 
the regulation of lymphatic endothelial cells [59-61].  

Overexpression of VEGF has been found in 30-60% of esophagus cancer cases. It is 
significantly correlated with advanced stage of disease, extent of microvessel density, 
distant metastasis, and poor survival rate in patients [62-64]. Upregulation of VEGF along 
with fibroblast growth factor has been shown in Barrett’s esophagus and  adenocarcinomas 
of esophagus as well as  gastroesophageal junction tumor [65]. Since VEGF overexpression 
is associated with malignant potential of esophageal carcinoma and a higher level of which 
could be observed in serum (S-VEGF) of esophageal cancer patients; it could be considered 
as a significant and independent prognostic factor and a useful clinical biomarker for 
evaluation of patient’s prognosis [66]. 
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The major role of VEGF is in the process of angiogenesis where it plays an essential role in 
growth and metastasis of esophageal carcinoma. Among VEGF family, VEGF-C has shown 
to be correlated with the process of lymphangiogenesis leading to lymph node 
micrometastasis (LMN). It is considered as one of the most important prognostic factors of 
esophagus squamous cell carcinoma [67-69]. The association between VEGF-C expression 
with angiolymphatic invasion, lymph node metastasis and lower survival rate has been 
shown in esophageal adenocarcinoma as well [70]. Moreover, bone marrow 
micrometastases in esophageal cancer correlates with an increased level of plasma VEGF 
[71]. It has been shown that VEGF-C, and VEGF-D are involved in the early stages of 
esophageal carcinogenesis since they are also expressed in dysplastic lesions of both types of 
esophageal carcinomas [72, 73]. 

In addition to VEGF, other factors such as heparin-binding growth factor (midkine), 
fibroblast growth factor, thymidine phosphorylase, and hepatocyte growth factor contribute 
to tumor angiogenesis as well [66]. 

Overexpression and release of fibroblast growth factor (FGF-2) by stromal fibroblasts 
correlates with tumor recurrence and short survival in esophageal cancer patients [66, 74]. 
Stromal fibroblasts are also involved in tumor progression through degradation of 
extracellular matrix, secretion of growth factors, and regulation of epithelial cell behavior. It 
has also been shown that FGF receptor 2-positive fibroblasts provide a suitable 
microenvironment for tumor development and progression through stimulation of cancer 
cell proliferation, induction of angiogenesis, cell mobility, inhibition of cell adhesion, and 
promotion of epithelial-mesenchymal transition [75]. 

While many studies indicate an anti angiogenesis role for TGF-β, one study by using 3D in 
vitro model, has shown the role of fibroblasts and TGF-β in VEGF-induced angiogenesis in 
esophageal cancer, in which the paracrine TGF-β secretion by SCCE cells leads to the 
activation of stromal fibroblasts, which undergo a myofibroblastic transdifferentiation and 
expression of VEGF. Secretion of VEGF from activated fibroblasts, known as carcinoma-
associated fibroblasts (CAFs), subsequently stimulate endothelial cells migration and 
vascular network formation (Fig 3) [76]. 

Midkine (MK) is a heparin-binding growth factor which overexpresses in esophageal 
carcinoma and plays a role in tumor angiogenesis and invasion [77]. Serum MK (S-MK) is an 
independent prognostic factor and may be a useful tumor marker for esophageal carcinoma, 
since the level of S-MK is increased in patients with esophageal carcinoma. It is also 
associated with tumor size, immunoreactivity, and poor survival of patients [66, 78, 79]. 

Hepatocyte growth factor (HGF), also known as scatter factor, is another factor that derives 
from specialized cancer-associated fibroblasts (CAFs) in the extracellular matrix that acts in 
a paracrine way to promote SCCE invasion via activation of VEGF and IL8 expression [80, 
81]. It has been found that HGF and its tyrosine kinase receptor, c-Met, play significant role 
in esophageal carcinogenesis. Increased levels of HGF in serum, correlates positively with 
VEGF of serum, and significantly associates with the advanced stage of metastasis and low 
survival; provide an independent prognostic factor as well [66, 80]. Moreover, increased 
expression of c-Met tyrosine kinase receptor is significantly correlated with the reduced 
survival rate, distant metastasis, and local recurrence of cancer in esophageal cancer patients 
[80, 82, 83]. Grugan et al. have shown activation of HGF/Met signaling in human SCCE 
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Fig. 3. Schematic illustration of SCCE cells and fibroblasts involvement in the vascular 
network formation. Esophageal cancer cells produce TGF-β to activate stromal normal 
fibroblasts. Tumor stromal fibroblasts become transdifferentiated into myofibroblasts that 
secrete VEGF, which in turn induce endothelial cell migration and the formation of a 
microcapillary network [76].  

tissues and SCCE cell lines upon EGFR and p53 overexpression. Secretion of HGF by 
stromal fibroblasts induces the transformed esophageal epithelial cells to invade 
extracellular matrix; however, other unidentified factors may also cooperate with HGF in 
this process, which further highlight the significance of this pathway in esophageal 
carcinoma invasion and progression [84]. 

Recently another growth factor: connective tissue growth factor (CTGF, CCN2), has been 
introduced by Li and colleagues to be involved in the development and progression of 
SCCE in addition to poor survival of SCCE patients. It is suggested to be an independent 
factor for SCCE patients’ prognosis as well as diagnosis of the precancerous lesions; as a 
result early detection of SCCE [85]. 

3. Signal transduction pathways 
3.1 Ras signaling 

Activation of the Ras pathway takes place upon a wide range of stimuli that could initiate its 
signaling. Ras activation begins with a vast array of upstream activated receptors including 
receptor tyrosine kinases, serpentine receptors, heterotrimeric G-proteins, integrins and 
cytokine receptors [86]. Among these activators, the best described mean of Ras stimulation 
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is via receptor tyrosine kinases such as EGF receptor (Fig 4). Binding of growth factors to 
their cognate receptors promote cellular proliferation through signal transduction cascades, 
initiated by the activation of membrane associated Ras proteins. Ras/Raf/mitogen activated 
protein kinase (MAPK) is one of the key Ras dependent growth-stimulating signaling 
cascade activated when growth factors bind their tyrosine kinase receptors, which 
ultimately leads to the induction of cyclin D1 [87, 88].  

 
Fig. 4. A simplified overview of Ras activation and signaling cascade. Activation of a 
receptor tyrosine kinase (RTK) by an appropriate growth factor stimulates 
autophosphorylation of SH2 domains that recruit Grb2. Guanine nucleotide exchange 
factors (GEF) such as SOS are localized to the membrane by Grb2, which then stimulate Ras 
to exchange GDP for GTP. The activated Ras interacts with multiple signaling pathways, 
including phosphoinositide 3Vkinase (PI3-K), MEKKI, Raf kinase, RalGEFs and 
phospholipase C (PLC) to induce cellular responses. Ras signaling is terminated when 
GTPase activating proteins such as p120 and NF-1 stimulate Ras to hydrolyze GTP to GDP 
[86].  

Ras pathway can also inhibit proliferation by inducing expression of p16 and p15 that are 
members of the INK4 family (Fig 2). These proteins block the Rb phosphorylation induced 
by cyclin D1/CDK complex, which results in cell cycle arrest in G1 [88]. Several lines of 
evidence have addressed the importance of Ras effectory pathways in the carcinogenesis of 
esophagus cancer; most notably through contribution of growth factors and their tyrosine 
kinase receptors, and in particular EGF and EGFR which are commonly deregulated and/or 
found at high level of expression in esophageal cancer [4, 5, 21, and 89]. 

In addition, mitogen activated protein kinase (MAPK) signal transduction pathway 
including Ras-Raf-MEK-ERK, PI3K/Akt, and JNK were found to be hyperactivated in 
esophageal cancer. This pathway modulates cell proliferation, invasion and metastasis, and 
resistance to chemotherapeutic agents, and ionizing radiation in esophageal cancer cells [24, 
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91-93]; in which, inhibition of MAPK signaling could enhance sensitivity of esophageal 
cancer cells to chemotherapeutic agents [94-96].  

Lawler et al. [97] have also shown that mobility and invasiveness of metastatic esophageal 
cancer cells are potentiated by shear stress through the Rho kinase (ROCK) and Ras- 
signaling pathways, suggesting a novel physiological role for Rock and Ras in metastatic 
behavior of cancer cells [97].  

The contribution of Ras/ERK signaling has been demonstrated by Senmaru et al. They have 
shown a dominant negative H-ras mutant (N116Y) inhibits EGF-stimulated activation of 
Erk2 in esophageal cancer cells. Furthermore, using adenoviral vectors and increased 
expression of this mutant significantly reduces the growth of human squamous cell 
carcinoma of esophagus cells in vitro and in vivo [98]. 

Furthermore, the significance of Ras signaling and its downstream pathways has also been 
recently indicated in tumorigenesis of esophageal cancer. Since, it was found that activation 
of MEK/ERK and PI3K/Akt effectory pathways play important role in downregulation of 
tropomyosin-1, which is a member of tropomyosin family and actin cytoskeleton-related 
proteins, in squamous cell carcinoma of esophagus [99]. 

Due to the importance of Ras dependent signaling drugs blocking these pathways were 
used in chemotherapy. Among such drugs are statins; a type of popular cholesterol-
lowering agents including drugs such as Lipitor, were shown to inhibit tumor growth and 
proliferation of cancer cells as well as stimulation of apoptosis in esophageal cancer cell 
lines. These effects are achieved by inhibiting the Ras, ERK and protein kinase B (Akt) 
signaling pathways [90]. 

3.2 Wnt signaling 

Wnt/β-catenin pathway initiates a signaling cascade critical for the normal development. 
The aberrant activity of this signaling pathway is associated with several forms of human 
carcinomas [100, 101]. Wnt ligands begin intracellular signaling pathways by binding to the 
G-protein -coupled receptors frizzleds (Fzs) [102]. In the absence of Wnt signals, GSK-3 
phosphorylates cytosolic β-catenin within a destruction complex comprised of adenomatous 
polyposis coli (APC), Axin-1, casein kinase-1 (CK-1), and other proteins, the end result of 
which is targeting β-catenin for ubiquitin-mediated degradation (Fig 5a). 

Upon Wnt binding to the Frizzled receptor and low-density lipoprotein receptor-related 
protein (LRP) co-receptors, the cytoplasmic Dishevelled (Dsh) protein becomes activated 
which in turn antagonizes the effects of GSK-3 through prevention of destruction complex 
formation and thus β-catenin phosphorylation. This in turn leads to the stabilization and 
accumulation of cytoplasmic β-catenin. GSK-3 could also be inactivated through 
phosphorylation by PI3-K (Fig 5c). As a result, accumulated cytoplasmic β-catenin enters into 
the nucleus where it binds to the T cell factor/TCF/LEF (T-cell factor/lymphoid enhancer-
binding factor 1) transcription factor family and stimulates transcription of target genes 
including c-myc, cyclin D1, c-jun, and fra-1 (Fig 5b), which plays critical roles in cell growth, 
proliferation, and differentiation [101-104]. Aberrant expression and function of Wnt signaling 
components result in aberrant nuclear accumulation of β-catenin which in turn contributes to 
the tumorigenesis of esophageal cancer through increased expression of cyclin D1 [105].  
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In addition to its role in Wnt signaling, β-catenin is also involved in cell adhesion, providing 
a link between actin cytoskeleton and cadherin(s) cell adhesion molecules [106, 107]. E-
cadherin and β-catenin are primarily found in the cell membrane of the normal squamous 
mucosa of esophagus and the nondysplastic, specialized intestinal metaplasia of Barrett's 
esophagus [108, 109]. Immunohistochemical studies of dysplastic Barrett's esophagus has 
shown that membrane E-cadherin and β-catenin are decreased, while their level is increased 
in cytoplasm and nucleus [110].  

Loss of APC tumor suppressor gene plays important role in the development of esophageal 
cancer, since loss of heterozygosity (LOH) of 5q21, the APC locus, occurs commonly in 
adenocarcinomas of esophagus [111-113]. Mutations in β-catenin and/or APC gene also 
alter degradation of β-catenin, as a result, its aberrant accumulation leads to the increased 
transcription of target genes. However, it has been shown that mutations of APC and β-
catenin genes, unlike in colorectal carcinoma, involve in only a small subset of esophageal 
and esophagogastric junction carcinomas [114], or somehow are rare in esophageal cancer 
[115]. However some studies have confirmed that mutations of APC gene occur in human 
esophageal cancer [116, 117]. 

 
Fig. 5. The role of Wnt signaling in the activation of gene expression through mediation of  
β-catenin induced transcription.  The non-phosphorylated form of β-catenin is active while 
the phosphorylated form of which is doomed to the inactivation and proteasomal 
degradation (a). Dishevelled antigonises β-catenin phosphorylation by GSK-3  
(b) and PI3K does the same function by phosphorylating GSK-3 and thus inhibition GSK-3 
mediated phosphorylation of β-catenin (c) [118].  
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Although mutations in APC or β-catenin are rare in esophageal cancer, alterations of 
upstream components, such as overexpression of Wnt2 ligand and Frizzled receptors or 
downregulation of Wnt antagonists and inactivation of secreted frizzeled-related protein 
(SFRP) genes by promoter methylation have been reported to play a dominant role in the 
activation of the Wnt pathway during esophageal carcinogenesis [119, 120]. 

Nonetheless, inactivation of APC by promoter methylation is involved in esophageal cancer, 
where it occurs in 83-92% of Barrett's high grade dysplasia and esophageal adenocarcinoma 
as well as 40-50% of Barrett's metaplasia without dysplasia [121, 122]. Higher level of 
promoter methylation of APC was also found by Clement, et al. in 100% of barrett’s 
esophagus samples and in 95% of esophageal adenocarcinomas as well [119]. Several lines of 
evidence have also shown the role of APC promoter hypermethylation in squamous cell 
carcinoma of esophagus, as it was observed in about 50% of cases, to contribute in the 
progression of dysplasia to carcinoma in SCCE carcinogenesis along with low survival rate 
of patients [122-124]. Moreover, methylated APC DNA has been detected in the plasma of 
patients with esophageal adenocarcinoma and squamous cell carcinoma. Methylated APC 
promoter has shown to be associated with a significantly low patient survival [122], 
suggesting the capability of hypermethylated APC tumor suppressor gene to be a potential 
biomarker in esophageal cancer.  

Wang et al. have recently shown a prominent role of Wnt signaling in SCCE carcinogenesis. 
They identified that Wnt2/β-catenin signaling pathway is activated in SCCE cells, as 
sodium nitroprusside (SNP) and siRNA against β-catenin not only inhibit expression of β-
catenin and its major downstream effectors including c-myc and cyclin D1, but also induce 
cell cycle arrest and apoptosis, suggesting that Wnt2/β-catenin pathway may be a potential 
molecular target for SCCE therapy [125]. Inactivation of GSK3β, observed by higher 
phosphorylation of Ser9 GSK3β, has been found in most cancers with epithelial origin, 
including esophagus cancer [126, 127]. 

3.3 Dopamine and cyclic-AMP-regulated phosphoprotein 

Recently, the role of t-DARPP (Dopamine and cyclic-AMP-regulated phosphoprotein) in the 
regulation of β-catenin has been investigated in esophageal cancer. DARPP-32 is a major 
regulator of dopaminergic neurotransmission in brain. It is the key factor for the functioning 
of the dopaminoceptive neurons [128]. DARPP-32 and t-DARPP, a truncated isoform of 
DARPP-32, are suggested as novel cancer-related genes [129].  

Overexpression of t-DARPP has been reported in gastrointestinal malignancies as well as 
esophageal adenocarcinomas [130, 131], which leads to activation of Wnt signaling and 
increased cell proliferation through phosphorylation of GSK-3β, nuclear accumulation of β-
catenin, and upregulation of cyclin D1 and c-myc target genes. It has also been shown that t-
DARPP mediated GSK-3β phosphorylation is AKT-dependent [132]. 

3.4 PI3K signaling 

The involvement of phosphatidylinositol 3-kinase (PI3K)/AKT pathway in esophageal 
tumorigenesis was also subject of investigations. Phosphatidylinositol 3-kinases (PI3Ks) are a 
ubiquitous family of lipid kinases that catalyse the phosphorylation of phosphatidylinositol 
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(PI), PI(4)P and PI(4,5)P2 that leads to formation of PI(3)P, PI(3,4)P2 and PI(3,4,5)P3, 
respectively [133]. These phosphorylated lipid products are then able to activate a variety of 
downstream targets, such as protein kinase B (PKB/AKT), that regulate a wide range of 
important cellular processes, including cell proliferation, survival, migration, apoptosis, 
oncogenic transformation and intracellular trafficking of proteins [134]. 

Constitutive activation of PI3K and AKT is common in cancers including esophageal cancer  
[135-137]. Amplification of the PIK3CA, the gene coding for the p110α catalytic subunit of 
PI3K, has been reported in SCCE [136] and in a low percentage of adenocarcinoma [138]. In 
addition, mutation of PIK3CA has been found to be an important event in the etiology of 
esophageal cancer [139].  

Recent studies have indicated that inhibition of PI3K reduces proliferation and enhances 
radiosensitivity of esophageal cancer cells [92, 140]. In addition, the level of p-AKT 
expression in SCCE increases during chemotherapy, and a high expression of p-AKT 
correlates with poor prognosis [141]. 

3.5 Hedgehog signaling 

The Hh (Hedgehog) signaling is critical for embryonic development which initiates 
following to binding of Hh to patched (Ptch) receptor, which releases smoothened (Smo), a 
potential G protein-coupled receptor (GPCR), from Ptch mediated repression. Smo signal 
transduction eventually leads to increased expression and activation of Gli, a transcription 
factor that regulates corresponding target genes [142-144]. Deregulation of this pathway 
leads to abnormal proliferation and transformation of cells in different tumors, such as small 
cell lung cancer, pancreatic cancer, prostate cancer and digestive tract cancer, including 
esophageal cancer [145-149] Hyperactive Hh signaling has been reported to be implicated in 
esophageal cancer [146, 147]. It has also been shown that PI3K/AKT pathway plays a critical 
role in epidermal growth factor (EGF), Gβγ and Shh-induced Hh signaling. Conversely, 
PI3K/AKT and MAPK signaling cooperate with the Shh pathway to promote esophageal 
cancer cell survival and proliferation [150]. 

3.6 Role of Id-1 

Overexpression of Id-1, the inhibitor of differentiation or DNA binding, has also been 
shown in esophageal squamous cell carcinoma. Id-1 promotes proliferation [151], 
tumorigenicity and metastasis of human esophageal cancer cells through activation of 
PI3K/AKT signaling pathway [152-154]. Id-1 is a helix-loop-helix protein, which 
heterodimerizes with the basic helix-loop-helix transcription factors and inhibits them from 
DNA binding, therefore regulating gene transcription [155]. 

4. Tumor suppressor genes 
4.1 P53 

Tumor suppressor genes’ inactivation occur by the genetic or epigenetic events such as 
mutations, allele deletions (LOH), promoter hypermethylation, abnormal splicing, and 
posttrancriptional silencing by microRNAs [156] in cancers. Alterations in multiple tumor 
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suppressor genes including Rb, p53, APC, p16, and MCC implicated in carcinogenesis of 
esophageal cancer. The majority of tumor suppressor genes are involved in the regulation of 
cell cycle. Cell cycle is controlled precisely through two major regulatory mechanisms, the 
p53 (p14–MDM2–p53–p21) and pRb (p16–cyclinD1–pRb). Deregulation of both mechanisms 
play critical role in the development of most human cancers including esophageal cancer. 

The p53 tumor suppressor gene regulates cell cycle progression, apoptosis and DNA repair. 
It also inhibits vascular endothelial growth factor. p53 is the most frequent mutated gene in 
all human malignancies. P53 is normally expressed at low level but accumulates in the 
nucleus of the damaged cell and transactivates target genes including genes involved in G1 
cell-cycle arrest (p21/WAF1) and apoptosis (BAX) [157-161]. In fact, it plays a role as a 
genomic policeman to prevent replication of damaged DNA; either by arresting cells in G1 
and facilitating DNA repair or by apoptotic elimination of damaged cells [162]. p53 
mutations are common in esophageal cancer which occur in approximately 50-80% of 
esophageal cancers. More than 92% of these mutations occur in the four conserved domains 
of the p53 gene; exon 5 to exon 8, with hot spots at Arg175, Cys176, Arg248, Arg273,  and 
Arg282, 80% of which are point mutations including 46% transition and 36% transversion 
[5]. Several studies have indicated that alteration of p53 gene in esophageal cancer occurs in 
the early stage of carcinogenesis and is associated with tumor progression; suggesting that 
loss of p53 function is critical for the development of this type of cancer [5, 156].  

Although the presence of mutant p53 have shown to be correlated with the poor prognosis 
[163, 164], other studies have not found such correlation [165, 166]. It has also been shown 
that measurement of circulating anti p53 antibody in serum of patients with SCCE is useful 
for detection of p53 mutations, and as a tumor marker or prognostic marker [167-169]. 

4.2 p21/WAF1 

The p21/WAF1 gene is located on chromosome 6p21.2 and encodes a cyclin-dependent 
kinase inhibitor. Induced by wild-type p53, it mediates G1 arrest following to DNA damage 
[170]. Mutations and deletions of the p21/WAF1 gene are less common in human cancers 
[171]. However, polymorphisms in exon 2 of the p21/WAF1 gene has been documented to 
play important role in esophageal tumorigenesis [172]. Moreover, induction of p21/WAF1 
may occur via p73 [173], a transcription factor that also regulates p21/WAF1 expression [174] 
in esophageal cancer. The role of p21/waf1/CIP1 expression in SCCE prognosis seems to be 
controversial. Several studies have indicated reduced expression of p21 as an indicator of 
poor esophageal cancer prognosis [175, 176], while others have found no significant 
correlation [173, 177]. Conversly others have claimed that p21 overexpression is correlated 
with a poorer prognosis [165, 178].  

4.3 p16/INK4a and p15/INK4b 

p16/INK4a, which is located on chromosome 9p21 is another member of cyclin dependent 
kinase inhibitors and is involved in p53 independent G1 arrest through inhibition of D type 
cyclin dependent kinases (CDK4/CDK6) in the Rb phosphorylation [179, 180] and 
inacivation. Inactivation of p16/INK4a is a common event in esophageal cancer and occurs 
through homozygous deletion, point mutation and/or hypermethylation [181-184]. In 
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SCCE, homozygous deletion and promoter methylation are the major causes of p16/INK4a 
gene silencing, while somatic mutation is a rare event [185]. p16/INK4a methylation or loss of 
heterozygosity (LOH) occurs in the early stages of SCCE tumor progression [186, 187], while 
homozygous deletion of its locus is a late event [188]. The two common mechanisms of 
p16/INK4a inactivation in esophageal adenocarcinoma were found to be promoter 
hypermethylation, which occurs in the early stages of carcinogenesis and loss of 
heterozygosity [189, 190]; while homozygous deletion have not been documented to play 
significant role. In addition, loss of p16/INK4a expression together with overexpression of 
cyclin D1 may also be correlated with poor prognosis [191]. Detection of hypermethylated 
p16/INK4a could provide an appropriate biomarker for esophageal cancer screening as it 
could be observed in the early stages of carcinogenesis [192-194]. 

p15/INK4b, a homolog of INK4 family whose locus is close to INK4a locus could be subject 
of stimulation by TGF-β and activate G1 arrest [195]. Changes in p15/INK4b has been studied 
less often in esophageal cancer; however it has been found that inactivation of p15/INK4b 
occurs through homozygous deletion or abnormal methylation at the same time as 
p16/INK4a, which leads to the loss of Rb-regulated restriction point and plays an essential 
role in esophageal carcinogenesis [188]. 

4.4 Retinoblastoma (Rb) 

The retinoblastoma protein (pRb or commonly known as Rb) is a nuclear phosphoprotein 
that plays essential role in the regulation of cell cycle. It negatively regulates transcription 
by forming complex with E2F transcription factor. Phosphorylation of Rb by the 
cyclin/CDK complex, results in E2Fs release, expression of target genes and cell division 
[196-198]. While deletions or mutations of Rb or inactivation by HPV infection are rare in 
SCCE, however several studies have indicated that alteration in p16 and p53 lead to the 
blockage of Rb function [199-201]. However, loss of heterozygosity of the retinoblastoma 
locus plays essential role in the inactivation of Rb gene and is associated with p53 
alterations in esophageal cancer. It is suggested that association of Rb with p53 
inactivation may be the major event in the development and progression of esophageal 
cancer [199, 202]. 

5. Other novel tumor suppressor genes 
In addition to the well established role of well-known tumor suppressor genes such as p53, 
Rb, APC, p21, and p16 in the carcinogenesis of esophagus cancer; there are other novel tumor 
suppressor genes which also play role in the development of esophageal cancer.  

ECRG4 (esophageal cancer related gene 4) is a novel candidate tumor suppressor gene for 
SCCE, which is downregulated through promoter hypermethylation. ECRG4 is significantly 
associated with lymph node metastasis, tumor size, and tumor stage in SCCE, providing a 
candidate prognostic marker for SCCE [203].  

ING (Inhibitor of growth gene) family, ING1 to ING5, are new class of candidate tumor 
suppressor genes that are implicated in the cell cycle control, senescence, apoptosis, DNA 
repair, and chromatin remodeling. Downregulation of ING1 was observed to be implicated 
in esophagus cancer [204]. 
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The tetraspanin cell surface receptor uroplakin 1A (UPK1A) has been identified as another 
candidate tumor suppressor gene, which is downregulated by promoter hypermethylation 
in SCCE cells. UPK1A downregulation correlates with lymph node metastasis, tumor stage, 
and overall survival of patients, as well [205].  

Expression of MAL (T-lymphocyte maturation associated protein), which is a component of 
protein machinery for apical transport in epithelial polarized cells, remarkably reduces in 
esophageal cancer. In addition, DNA methylation has shown to be associated with its 
downregulation [206]. 

DLC1 (deleted in lung cancer 1) is a putative tumor suppressor gene located on chromosome 
3 (3p21.3) is supposed to act as a downstream gene in the serine/threonine kinase pathway. 
Its aberrant splicing was found in one third of esophageal, lung and renal cancers which 
plays a critical role in the carcinogenesis of these tissues [207].  

The WWOX (WW domain containing oxireductase) gene located on chromosome 16 
(16q23.3–24.1) is a candidate tumor suppressor gene for esophageal carcinoma. Both of 
WWOX alleles were seen to become inactivated in squamous carcinoma of the esophagus 
through combination of events among which mutations and LOH [208]. 

Annexin1, a member of annexin family which are calcium and phospholipid-binding 
proteins have also been shown to be lost or downregulated in esophageal cancer [209]. 
Additionally, its translocation from plasma membrane in normal cells to the nuclear 
membrane in malignant cells has proposed to be correlated with the tumorigenesis of 
esophageal cancer [210]. 

APC and MCC are the two tumor suppressor genes located on chromosome 5 (5q21) 
which are involved in the development of esophageal cancers through LOH of their 
corresponding genetic loci [111-113]. It has also been shown that mutations in APC and 
MCC genes take place in esophageal cancer as well as promoter hypermethylation [116, 
122, and 124]. 

DCC (deleted in colorectal cancer) is a putative tumor suppressor gene whose loss has been 
implicated in colorectal tumorigenesis. Decreased or loss of DCC expression through 
promoter hypermethylation [211] as well as point mutations and LOH which are correlated 
with the degree of lymph node metastasis and differentiation [212], have been shown in 
esophageal cancer. 

The involvement of tropomyosins (TMs) which are a family of cytoskeletal proteins and 
stabilizers of the actin microfilaments have been indicated in carcinogenesis of esophageal 
cancer; in which downregulation of β-TM (TM1), was described as a novel tumor 
suppressor gene [213]. The same role were also observed for TM2 and TM3 in esophageal 
squamous cell carcinoma [99, 214].  

E-cadherin (CDH1), one of the most important molecules in cell to cell adhesion in epithelial 
tissues, localized on the surfaces of epithelial cells was reported to be lost in several cancers 
including esophageal tumors. Promoter hypermethylation was suggested to be involved in 
its inactivation as well. Loss of E-cadherin expression correlates with the high grade and 
advanced stages of disease along with poor prognosis [215, 216]. 
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Downregulation of periplakin (a cell adhesion protein) [217] as well as loss of clusterin (a 
secreted glycoprotein) both in serum and tissue of esophageal squamous cell carcinoma 
[218] are among other events that have been correlated to the esophageal tumorigenesis. 
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1. Introduction 
There are two main forms of esophagus cancer with different malignant behaviors: 
epidermal or squamous carcinoma (ESCC) and esophagus adenocarcinoma (EA). ESCC is 
associated with ethanol and tobacco consumption (tobacco-specific-N- nitroso compounds). 
ESCC is among the more aggressive cancers known. The high mortality rate associated with 
this type of cancer is directly related to a late diagnosis. Thus there is an important challenge 
to identify biomarkers for early diagnosis (Shimada et al., 2003; Sobin & Fleming, 1997). 

EA starts from a metaplasia mucosa-dysplasia-carcinoma sequence in the distal esophagus 
(Barrett’s esophagus (BE), as a result of local injury and is associated with risk of malignant 
transformation. Cellular proliferation takes place through the subsequent phases of the cell 
cycle. During the cell cycle, there are different check points and, the transition from G1 to S 
phase is the most studied in neoplastic progression of Barrett’s cells and alterations in 
growth factor expression. Its receptors and/or the signal transduction pathways have been 
found at various stages during the progression of metaplasia to EA (Lao-Sirieix et al., 2007; 
Lord et al., 2000). BE is clinically important because the risk of progressing to 
adenocarcinoma under the chronically damaging effect of gastrointestinal reflux. EA of the 
upper esophagus is rare and in some cases develops from areas of gastric heterotopias. It 
has been hypothesized that intestinal metaplasia could have a change in their differentiation 
pattern. Indeed, a clonal selection model suggests that malignant transformation occurs by 
multiple allelic alterations (Nowell, 1976; Souza et al., 2008). 

The incidence of EA has increased in the last 40 years. However, the biology of both, the 
normal esophageal epithelium and the pathogenesis involved in the development of 
esophageal cancer are not well understood. Epithelial changes are due to stimulation of 
esophageal stem cells of the epithelium. These changes in the activity of the esophagus stem 
cells and the up- or down-regulation of stem cell markers appear to be related in the 
pathogenesis of esophageal cancer and final clinical outcome. Over the last 5 years, 
important progress has been made in the identification and understanding of adult 
gastrointestinal stem cells. However, esophageal stem cells are not well characterized. 
Isolation and characterization of adult esophageal stem cells and the factors that contribute 
to the development of dysplasia and malignancy is a very important issue for the 
development of efficient therapies for esophageal cancer (Adams and Strasser, 2008; Croagh 
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et al., 2008; Hormi-Carver and Souza, 2009). The clonal selection theory was thought to be 
responsible for the development of gastrointestinal cancers, based on the evidence that some 
cells acquire genetic alterations giving them the capacity of self-renewal (Adams and 
Strasser, 2008). Recently, the cancer stem cell (CSC) theory has gained more attention based 
on the idea that some cancers are initiated by stem cells with genetic alterations. Cellular 
and tissue regeneration is based on the characteristics of self-renewal and multipotency of 
stem cells. In recent years, progress in stem cell identification and characterization indicate 
their potential therapeutic applications in regenerative medicine for the treatment of several 
pathologies. The different types of stem cells, embryonic, induced pluripotent and adult 
stem cells are emerging as a potential approach to treat gastrointestinal disorders. 

2. Biomarkers or bio-indicators 
The so called tumor markers and biological markers are usually used in place of each other.  
Initially, tumor markers were developed and used to detect some mucin antigens on the 
cancer cell surface and/or in the serum of cancer patients. Those tumor markers on the cell 
surface that form glyco-conjugates are involved in adhesion, motility and metastasis. The 
tumor markers can induce the immune response early during malignant transformation, 
and later are shed by cancer cells into blood vessels and detected in serum or plasma.  The 
ideal tumor marker have to be specific for malignant cells, detectable early in the 
carcinogenesis process, measurable by simple invasive methods and the concentrations 
measured have to be proportional to the stage of malignancy and/or a pharmacological 
response to therapeutic intervention. There are different tumor markers, each indicative of a 
particular disease process and used in oncology to detect the presence of a cancer. Tumor 
markers can be produced by the tumor cells or by the non-tumor cells as a response to the 
presence of a disease. This was used for identification, evaluation and follows up of 
treatment, either for patients based or population based and even experimental condition.  
Brief descriptions for it were focused on these tumor markers in different cancer types.  The 
carcinoembrionary antigen CEA, is a glycoprotein involved in cell adhesion that was 
studied in lung carcinoma (Vegh et al., 2002) and colorectal carcinoma (Vegh et al., 2007). 
Cancer antigen 125 (CA 125) was used principally for screening ovarian cancer (Frederick et 
al., 2011). CA 19.9, also called carbohydrate antigen 19-9 was detected in colorectal 
carcinoma (Morales-Gutierrez et al., 1999; Vegh et al., 2003). Alpha fetoprotein (AFP) levels 
were increased in hepatocellular carcinoma and esophagus carcinoma (Bellet et al., 1984). 
Beta human chorionic gonadotropin (βHCC) was evaluated in different diseases (Burg-
Kurland et al., 1989). Carbohydrate antigen 15.3 (CA 15.3) was mostly studied in breast 
carcinoma (Bearz et al., 2007). Some epidemiologic studies observed that the incidence for 
EA in all races had variations according to this histology, age and gender. There is a striking 
male predominance in esophageal cancer. Sex hormones have been suggested as a 
contributing factor and these are influenced by histology, age and race. The highest sex 
ratios were seen in esophagus EA in the age group between 50-59 years old, rendering 
plausibility to the hypothesis that female sex hormone exposure may play a protective role 
in the development of this type of cancer (Nordenstedt et al., 2011). 

Nowadays, biomarkers or bio-indicators in cell biology are molecules that allow the 
detection and isolation of a particular cell type. In genetics, a biomarker is a DNA sequence 
that causes or is associated with the development of diseases. Biomarkers are used to 
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indicate the variation in the expression of a characteristic protein that correlates with the risk 
of development of pathology. Currently, most biomarkers used in clinic are proteins, while 
based on genetics they might be DNA or RNA and they could also be subject of 
determination or application in clinic, specially in case of viral infected or DNA or RNA 
which are shed from individual tumor tissue stream.  The expression of several biomarkers 
in plasma and tissue from patients with esophagus cancer were analyzed, and looked for the 
biomarkers whose over-expression could be associated with a different behavior in 
esophagus cancer and could have potential prognostic implications. 

In this chapter our aim was to discuss each specific biomarker in separate sections in the 
context of esophageal cancer, as some of these markers are also important in the 
development and evolution of other types of tumors.  

2.1 Metalloproteinase 

The extracellular matrix (ECM) is the extracellular part of a tissue which provides support to 
cells and is known as connective tissue (Bosman and Stamenkovic, 2003). ECM includes the 
interstitial matrix and the basement membrane. EMC is composed of a variety of proteins 
and glycoaminoglicans. Numerous families of enzymes (proteinases) are responsible for the 
degradation of ECM. The family of enzymes called matrix metalloproteinases (MMPs) are 
the major enzymes implicated in extracellular degradation and are essential for embryonic 
development, morphogenesis, remodeling and tissue repair. MMPs are classified into five 
classes: collagenases (MMP-1,-8 and -13), gelatinases (MMP-2 and -9), stromelysins (MMP-3 
and -10), membrane type matrilysins (MMP-7 and -26) and others. The MMPs are zinc-
dependent endo-peptidases and are inhibited by specific endogenous inhibitors, the tissue 
inhibitor of metalloproteinases (TIMP). This MMPs family currently includes more than 26 
members. Proteases not only have cell-matrix interaction, but also can control the 
progression of angiogenesis by activating growth factors such as hepatocyte growth factor 
(HGF), basic fibroblast growth factor (bFGF) and vascular endothelial growth factor (VEGF) 
and can influence cellular behavior. MMPs can act also as an inhibitor of angiogenesis. The 
data indicate that proteases can acts either as positive or negative regulators of angiogenesis 
(Brooks et al., 1998). MMP-1 is an interstitial collagenase secreted from fibroblasts, 
macrophages and keratocytes. MMP-1 is related to cancer aggressiveness and its expression 
is associated with a multistep carcinogenesis from BE to EA according to the clonal selection 
model (Etoh et al., 2000; Grimm et al., 2010). MMP-7 (matrilysin) is the smallest molecule of 
the MMPs, whose function is to degrade elastin, proteoglycans, fibronectin and type IV 
collagen. It has been found that MMP-7 was over-expressed in a variety of epithelial and 
mesenchymal tumors such as esophagus, colon, liver, renal, and pancreas. Increased 
circulating levels of MMP-7 proteins were correlated with the presence of metastatic disease 
and poor patient survival in colorectal and renal cell cancer (Maurel et al., 2007; Szarvas et 
al., 2010; Yamamoto et al., 1999; Yamashita et al., 2000). Some authors concluded that the 
autoantibody levels of MMP-7 in serum may be a good biomarker for ESCC (J.H. Zhou et 
al., 2011).  Some pharmacologic studies designed various MMP inhibitors with poor effect 
probably due to their high toxicity as has been demonstrated in clinical trials. 

TIMPs (tissue inhibitor of metalloproteinases) comprise a family of four protease inhibitors: 
TIMP-1 (chromosome Xp11.3-p11.23); TIMP-2 (chromosome 17q25); TIMP-3 (chromosome 
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22q12.3); TIMP4 (chromosome 3q25). The first TIMP was described in 1975 as a protein 
which was able to inhibit collagenase activity (Bauer et al., 1975; Bosman and Stamenkovic, 
2003).  TIMPs and MMPs are found in all fluids, such as serum, plasma, urine, etc. All 
MMPs are inhibited by TIMPs once they are activated. The balance between MMPs and 
TIMPs plays a necessary role in maintaining the integrity of healthy tissue. An alteration of 
this balance is observed in different diseases. In cancer and rheumatoid arthritis, the 
imbalance is generally in favor of MMPs. By contrast to inhibition of MMPs by TIMPs, some 
studies founded that TIMP-2 was implicated in the activation of pro-MMP-2. This 
mechanism stimulates cell migration and progression to tumor metastasis and invasion 
(Yoshizuki et al., 2001). TIMPs are co-expressed with MMPs which depend on endogenously 
expressed growth factors and cytokines (Gomez et al., 1997).  

The balance between MMPs and TIMPs is variable in both, in physiological processes such 
as growth and development, and in some diseases such as cancer. In esophagus cancer, we 
studied MMP-1 concentration in tumor and in non-tumor areas from the same patient with 
EA and observed a higher concentration in tumor areas (Vegh et al., 2007). Moreover, MMP-
1 was associated with poor clinical outcome in esophageal cancer in different studies (Etoh 
et al., 2000; Murray et al., 1998; Yamashita et al., 2001). We found similar results in the 
concentration of MMP-1 in tumor vs. non-tumor areas in patients who had ESCC, but 
without being associated with the clinicopathological outcome (Vegh et al., 2007). On the 
other hand, we have observed that TIMP-1 expression in esophagus cancer showed higher 
values in tumor areas (Vegh et al., 2007). Interestingly, the same patients with lymph node 
negative showed higher values on TIMP-1 expression, whereas patients with more than 
three positive lymph nodes had lower values. This profile could indicate an inhibitory 
function for TIMP-1 on tumor growth and its possible dissemination. Numerous researchers 
considered that TIMP-1 has mitogenic activity on different cell types, whereas its over-
expression reduced tumor growth in gastric carcinoma (Mimori et al., 1997). Furthermore, 
studies focusing on nitric oxide (NO) showed enhanced expression of MMP-1,-3,-7 and 
TIMP-1 in the progression from non-dysplasic BE to adenocarcinoma. This could indicate 
that NO play a role in Barrett’s carcinogenesis through deregulating of MMP and TIMP 
expression to enhance invasive potential in dysplasic cells (Clemons et al., 2010). MMP-7 
was cloned from ESCC tissues and higher levels were observed in serum in patients with 
ESCC than in their matched-control samples, therefore it was considered that MMP-7 may 
be a good diagnostic biomarker for ESCC (J.H. Zhou et al., 2011). 

2.2 Polymorphisms and mutations 

It has been well established that cancer is a genetic disease and carcinogenesis takes place in 
somatic mutations of the oncogenes or tumor suppressor genes. There have been several 
studies showing that BE and EA can occur within families indicating an inherent genetic 
risk (Eng et al., 1993; Romero et al., 1997). A pivotal role corresponds to phosphatidylinositol 
3-kinase (PIK3CA) signaling pathway. In vitro ESCC proliferation was reduced by a 
PIK3CA inhibitor. This inhibition has more effects on the cells that contain a PIK3CA gene 
mutation than those without such mutation (Mori et al., 2008). It has also been speculated 
that some polymorphisms affecting the inflammatory response might be important in 
esophageal carcinoma. Such approaches may allow the identification of subsets of 
individuals within a population who are predisposed to EA. Accumulation of genetic 
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alterations follows the dysplasia-adenocarcinoma sequence in the esophagus and identifies 
the patients with poor prognosis (Wu et al., 1998). The human genome receives exogenous 
and endogenous attacks that could promote genetic mutations, chromosomal 
rearrangements and finally development of cancer. Cells have an anti-DNA–damaging 
system to blockade both metabolic and external sources of DNA damaging agents. 
Activation of cell cycle checkpoints and DNA repair system are complex processes which 
help cellular responses to DNA damage. These checkpoints generally stop cell-cycle 
progression at the G1, S, and G2 phases. Gamma-radiation can induce single and double 
strand breaks. Some chemical carcinogenetic compounds, such as benzo(a) pyrene-diol-
epoxide a tobacco procarcinogen benzo(a) pyrene, form bulky adducts and need nucleotide 
excision pathways to remove the adducts. Deficiencies in cell cycle checkpoint pathways are 
more frequently observed in esophagus cancer than in healthy donors. Shao et al, 2006 
compared the mutagen-induced damage level among individuals with different S or G2-M 
phase cell accumulation and observed an increase of esophageal cancer risk. 

2.3 Oncogen p53 

Oncogen p53 is a major regulator of the cell response to stress and acts as a tumor 
suppressor by inducing cell cycle arrest or apoptosis. Inactivation of the p53 signaling 
pathway has been seen in different human cancers. Previously, polymorphisms of p53 have 
been reported to be a possible risk factor for some types of tumors (Hrstka et al., 2009; 
Levine et al., 2004; Wu et al., 1998). The most common polymorphism on p53 is at the 72nd 
amino acid residue with an arginine (Arg) to proline (Pro) change because of a G→C 
transverse. Differences in the biochemical or biological characteristics of the wild type p53 
variants have been reported. Some authors considered that the Arg72 variant can better 
induce apoptosis than the Pro72, indicating that the two polymorphic variants of p53 (also 
so called TP53) are functionally distinct, which may influence cancer risk and treatment 
(Matlashewski et al., 1987; Thomas et al., 1999; Whibley et al., 2009). Numerous studies have 
reported this p53 polymorphism in several cancers such as cervical, lung, breast, and gastric 
cancer (Dai et al., 2009; Dumont et al., 2003; Z. Zhang et al., 2011; Zhou et al., 2007), but its 
association with esophagus cancer remains elusive. Several specific molecular alterations 
play crucial roles in esophagus cancer, with tumor cell aneuploidy and p53 mutations being 
major hallmarks of both ESCC and EA (Blant et al., 2001; Fang et al., 2004; Jiang et al., 2010; 
Kuwano et al., 2005; Minu et al., 1994; Montesano et al., 1996; Souza, 2010; Whibley et al., 
2009; Yu et al., 2007). Levine et al., 1991 considered that alteration or inactivation of p53 by 
mutations or interaction with oncogene products of DNA tumor viruses can lead to cancer. 
However, some researchers found no association between the immunomarkers p53, cyclin 
D1 and bcl-2 with the clinicopathological data and outcome in a selected population of 
esophagogastric junction adenocarcinoma patients (Lehrbach et al., 2009). The 17p is the 
chromosomial locus for p53 oncogene. Studies of allelic alterations on chromosome 17p.13 
and in 17p11.2-22 (microsatellite region adjacent to the p53 locus) were performed by 
polymerase chain reaction (PCR) using two different primers (D17S513 and D17S514), (Table 
1). An allelic alteration was observed in both tumor and non-tumor areas of esophagus 
cancer patients. Moreover, this dinucleotide repeat polymorphism was observed in both EA 
and ESCC. In addition, our studies showed statistically significant high levels of MMP-1 
associated with this allelic alteration in the EA group. In the ESCC group, the allelic 
alteration was found associated with positive lymph nodes (Vegh et al., 2007).  
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Biomarker Patients  
(n) 

Values expressed P  Overall 
survival time 

References 

CNR-1 gene  
(controls) 

40 G/G: 60.0 % 
G/A: 40.0 % 
A/A:   0.0 % 

 ND  

CNR-1 gene; (EC) 29 
 

G/G: 10.8 % 
G/A: 61.2 % 
A/A:   7.9 % 
No a.  20.1 % 

 G/G: 56.3 
months versus 
A/A: 3.5 
months 
P=0.04 

Bedoya et 
al. 2009a 

P53 (D17S513) 
A/A type, EA 

23 a.a.: 69.9%  ND  

P53 (D17S514) 
A/A type, EA 

23 a.a.: 82.6 %  ND Vegh et al. 
2007 

P53 (D17S513) 
A/A type, ESCC 

14 a.a.: 50.0%  ND  

P53 (D17S514) 
A/A type, ESCC 

14 a.a.: 78.6%  ND Vegh et al. 
2007 

VEGF tumor 
 

39 300.6±99.7pg/mg    

VEGF no tumor 100 80.8±19.7  pg/mg < 0.025 P= 0.11 Bedoya et 
al. 2009a 

MMP1 (EA) 23 45.6±7.6 ng/mg 
 

   

TIMP1 (EA) 23 28.7±7.0 ng/mg < 0.05 ND Vegh et al. 
2007 

MMP1 (ESCC) 14 37.0±6.9 ng/mg    

TIMP1 (ESCC) 14 38.9±7.5 ng/mg = 0.44 ND Vegh et al. 
2007 

EC: esophageal cancer; VEGF: vascular endothelial growth factor; CNR1 gene: cannabinoid receptor 1 
gene; G/G wild type, G/A heterozygous mutation; A/A homozygous mutation;  P53: oncogene p53; 
D17S513 and D17S514: primers used; a.a.: with allelic alterations; MMP1: Matrix metalloproteinase, 
TIMP: Tissue inhibitor metalloproteinase; ND: no data; No a.: with no amplification; EA: esophagus 
adenocarcinoma; ESCC: esophagus squamous cell carcinoma; vs.: versus; P minor than 0.05 was 
considered statistically significant. 

Table 1. Biomarkers in esophagus cancer: Analysis data of different markers in tissue of 
esophagus cancer patients, according our some experiences. 

DNA repair inhibitors are used by the cells to protect or reverse themselves against 
mutagens and different carcinogens. Some authors considered the small cyclin dependent 
kinase-inhibiting protein p21 as a critical mediator of p53 function and required for p53 –
mediated growth suppression of tumor cells (Waldman T et al., 1995). 
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2.4 Cannabinoids receptors and esophagus cancer 

The CB1 receptor (or CNR1) is encoded by the CNR1 gene and located in chromosome 6q14-
q15 (size 26,056 bases). CNR1 molecular function corresponds to a receptor activity and their 
biological processes such as signal transduction and G-protein signaling-coupled with a 
cyclic nucleotide second messenger (cyclic AMP). CNR1 is expressed most widely in the 
brain. Endocannabinoids (anandamine and 2-arachidonylglycerol) released from the 
neurons bind to CBN1 receptors in the pre-synaptic neurons and produce a reduction in the 
release of the inhibitory neurotransmitter gamma-aminobutiric acid (GABA). Cannabinoid 
receptors are expressed on several cell types and have functions in liver, endocrine glands, 
on gastrointestinal and cardiovascular activity and on pain transmission. Endocannabinoids 
are agonists of cannabinoid receptors and have been shown to participate in the inhibition 
of malignant cells, in the proliferation of cancer tissues and have been associated with 
different stages of the disease (Pertwee, 1997). After the receptor is engaged, multiple 
intracellular signal transduction pathways are activated implicating potassium ion channels, 
calcium channels, protein kinase A and C, Raf-1, ERK, JNK, p38, c-fos, c-jun, etc. Previously, 
one simple nucleotide polymorphism (SNP) was detected at nucleotide positive 1359 G→A. 
Due to the high polymorphism information content, this SNP is considered as a useful 
intragenic marker which may be related to cannabinoid system alterations. The artificial 
creation of an Mspl restriction site in amplified wild type (G-allele) which is destroyed by 
the mutation (A-allele) has been useful to detect a silent mutation (Gadzicki et al., 1999). We 
have observed in CNR-1gene 10.8 % of wild type in esophagus tissue samples of esophagus 
cancer patients as compared to 60.0% in CNR-1gene in control patients (Figure 1). We  

  
Fig. 1. Frequency of CNR1 gene expression in esophageal tissue. Grey bars, corresponding to 
control healthy patients (n=40) esophagus tissue, no A/A mutation was observed. White 
bars, corresponding to CNR1gene expression in tumor of esophagus cancer patients (n=29).   
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concluded that this alteration may be considered as a mutation and hypothesized that this 
mutation is an acquired somatic mutation. Moreover, we also found that the mean survival 
time in wild type G/G group was longer than A/A homozygous group, (P=0.04, chi-square: 
4.26) (Table 1). However, we did not find any association of CNR-1 with the angiogenic 
growth factor VEGF levels. However, VEGF expression was higher in tumor than in no-
tumor (P< 0.025), but VEGF expression did not correlate with survival time. (Bedoya et al., 
2009a). So, we can consider that CNR1 gene could be considered an independent marker for 
survival. In addition, in colorectal cancer patients we have also found that CNR1 gene 
genotype G/A plus A/A group of patients has a shorter overall survival time than G/G 
wild type patients (Bedoya et al., 2009b).  

2.5 Vascular endothelial growth factor  

In carcinogenesis, genetic and epigenetic changes are important for malignant 
transformation. The growth of solid tumors which is regulated partly by the angiogenesis 
process and vascular endothelial growth factor (VEGF) has been identified as the principal 
regulator of angiogenesis in both, physiological and pathological conditions (Ferrara, et al., 
1997; Folkman, 1990). VEGF’s function is to create new blood vessels during embryonic 
development. Binding of VEGF and other ligands to the VEGF-receptor (VEGFR) of 
endothelial cells activates the angiogenic pathways. VEGF is strongly expressed in many 
human cancers, including esophageal carcinomas (Inoue et al., 1997) and intestinal cancers 
(Bendardaf et al., 2008). High levels of VEGF have been associated with a poor prognosis in 
cancer patients. Our studies did not observe any statistically significant differences in 
plasma VEGF concentration in esophageal cancer patients at different clinical stages neither 
did in samples corresponding to different tumor and not tumor areas (Figure 2). In this 
study we assayed in plasma VEGF concentration of control healthy and esophagus cancer 
patients and the difference was not statistically significant. Analyses of VEGF expression in 
tumor homogenate of these patients using a cut-off level of 120 pg/mg of total protein did 
not appear to correlate with the overall survival time (Bedoya et al., 2009a). However, high 
hypoxia–inducible transcription factor-1 (HIF-1) is an important inducer of angiogenesis 
and VEGF expression is important as a prognostic factor and related to survival in ESCC 
patients (Kimura et al., 2004). Moreover, some authors considered that these factors could 
help to predict the response of the ESCC patients to several therapies (Shimada et al., 2002). 
The role of other angiogenic factors such as transforming growth factor-α (TGF-α) and basic 
fibroblast growth factor (bFGF) were studied by Li et al, 2000. They suggested that TGF-α as 
well as VEGF, PD-ECGF and bFGF may be associated with angiogenesis, and progression to 
metastases of ESCC patients. The diagnostic of lymph node status in esophagus cancer is a 
very important prognostic factor. VEGF-C is a potential angiogenic factor in lymph-nodes 
and selectively induces vasculature in the lymphatic glands. The expression of VEGF-C has 
a high correlation with the lymph node metastasis in patients with stage Tis and T1 of 
esophagus cancer patients (Tanaka et al., 2010). 

2.6 Epidermal growth factor receptor 

Epidermal growth factor (EGF) plays an important role in the cell cycle and may regulate 
the production of MMPs via over-expression of the epidermal growth factor receptor 
(EGFR). EGF protein was discovered by Stanley Cohen and Rita Levi-Montachini and both 
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won the Nobel Prize in 1986. EGF is a low molecular –weight polypeptide of 6045-Da 
protein. EGF includes different biological processes such as the activation of MAPKK 
activity, DNA replication, chromosome organization, EGFR signaling pathway and 
interaction with phosphatidylinosidol 3-kinase complex (PIK3R2). EGFR are on the cell 
surface and are activated by binding with its specific ligands (EGF, TGFα and others). Upon 
activation, EGFR undergoes a transition from an inactive to an active form. The EGFR 
dimerization stimulates its intrinsic intracellular protein-tyrosine kinase activity. Mutations 
that induce EGFR over-expression have been associated with cancer. These mutations have 
been the target of several treatments allowing the development of anticancer therapies such 
as gefitinib and erlotinib for lung cancer, cetuximab and panitumumab for colorectal cancer, 
as examples of a monoclonal antibody acting as inhibitors of tyrosine kinase proteins. 
Indeed, without kinase activity, EGFR is inactive and does not initiate the signaling cascade  

   
Fig. 2. Diagram of esophagus areas studied. PE: proximal edge of sample exceresis, 10 cm: 
sample from around tumor area; 5 com: sample around tumor area; T: tumor (EA or ESCC 
according to histopathologic diagnosis), DE: distal edge, sample obtained near to stomach.  
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pathway for growth in the cells (Lynch et al., 2004). Several studies have demonstrated that 
EGFR is over-expressed in tumors and ESCC cell lines. However, immunohistochemical 
evaluation of EGFR did not provide prognostic information for ESCC patients (Torzewski et 
a.l, 1997). The fact that EGFR correlated with age, depth of invasion, lymph node metastasis 
and poor prognosis was observed (Inada et al., 1999). Our results have found the over-
expression of EGFR in membrane of tumor homogenate in a group of esophageal cancer 
patients with more than three positive lymph nodes. Nevertheless, we did not find any 
significant differences between mean levels of EGFR in both tumor and non-tumor areas of 
the esophagus (Vegh et al., 2007).  EGFR over-expression and mutant p53 tumor suppressor 
genes help the enrichment of a cellular subpopulation involved in epithelial to 
mesenchymal transition among telomerase- immortalized human esophageal epithelial cells 
during carcinogenesis (Ohashi et al., 2010).  

2.7 Human chorionic gonadotropin-beta  

The human chorionic gonadotropin (βHCG) is a glycoprotein synthesized by normal 
placenta and released by the trophoblastic cells and different neoplastic cells. In 
esophageal tumors, by immunostaining procedures Burg-Kurland et al., 1989 observed a 
variation in the staining intensity of the tumor cells. Cells were weakly stained in well 
differentiated squamous cell carcinomas, although the poorly differentiated cells showed 
a more generalized pattern of staining. Moreover, these studies considered that βHCG is 
associated with ESCC as well as EA and to pre-neoplastic lesions (Burg-Kurland et al., 
1989). The characteristics of this tumor marker permit the monitoring and evaluation of 
the treatments. 

2.8 Carcinoembryonic antigen 

In 1965 Gold and coworkers demonstrated tumor-associated antigens in adenocarcinoma 
of the digestive tract in humans. The oncofetal carcinoembryonic antigen (CEA) is a 
glycoprotein with a molecular weight of 200,000 kDa originally isolated in colon 
carcinoma cells and is located on the luminal surface of the tumor cell membrane of 
endodermal as well as non-endodermal origin. CEA expression in serum of esophagus 
cancer patients is not well recognized as a biomarker. Nevertheless, correlation between 
CEA levels in serum and tissue was observed in patients with esophagus cancer (Sanders 
et al., 1994); and elevated serum CEA levels were useful for early detection of relapse in 
patients with EA (Kim et al., 1995). We have reported that in tissue homogenate of EA 
patients there were not statistically significant differences in mean levels of CEA in tumor 
areas when compared with non-tumor (Vegh et al., 2007). However, in ESCC tumors, CEA 
concentration showed statistically significant higher values in tumor samples from 
patients with negative lymph nodes. These results were similar to those observed in non-
small–cell lung cancer patients (Vegh et al., 2002). Kosugi et al., 2004 determined the role 
of preoperative serum levels of CEA, CA19-9 and SSC in patients with esophagus cancer. 
They found that only preoperative high levels of serum SCC antigen indicate an adverse 
outcome after esophagectomy and the appearance of distant metastases (Kijima et al., 
2000; Kosugi et al., 2004). In summary, the CEA marker is very useful for monitoring 
previously diagnosed cancer.   
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2.9 Interleukins 

Interleukins (IL-1 through IL-17) are a group of cytokines that participate in stimulating the 
immune response in inflammation and in hematopoiesis. Interleukins are a group of cellular 
messenger molecules, so called cytokines, which act as modulators of cellular behavior and 
are secreted rapidly by cells in response to several stimuli such as an infectious agent. The 
first interleukin was identified in the 1970s (Gillis et al., 1978).  Different types of 
interleukins have become known since then and are designated numerically. IL1 and IL2 are 
responsible for activating T and B lymphocytes. IL-1, along with IL-6, is also a mediator of 
inflammation. IL-6 expression at local tumor sites or in systemic circulation has been 
associated with disease progression and poor prognosis of esophageal cancer and may act as 
a resistance factor against cisplatin-based treatments (Suchi et al., 2011). The 
clinicopathological significance of IL-6 and other cytokine levels in esophageal cancer was 
associated with a poor outcome (Motoyama et al., 2011; Xin et al., 2010; H.Y. Zhang et al., 
2011).  

2.10 microRNAs 

The expression of the miR-17-92 cluster was first shown in ESCC and is over-expressed in 
75% of esophageal cancer patients (Liu et al., 2011). In addition, its over-expression could 
promote cellular growth in vivo and in vitro. Furthermore, antisense oligonucleotides (ONs) 
inhibited miR-19a and induced apoptosis while miR-17-5p, miR-18a, miR-20a and miR-92-1 
were not affected. It was found that antagomir-19a treatment could impair tumor growth in 
vivo. In fact, using Human Apoptosis RT2 Profiler PCR Array 384HT was observed that 
tumor necrosis factor-α (TNF-α) was 12-fold up-regulated in cells transfected with miR-19a 
antisense ONs compared to the cells treated with the control scramble ONs. miR-19a was 
predicted to target the 3' untranslated region of TNF-α mRNA and this was confirmed by 
luciferase reporter assay. Taken together, they conclude that the miR-17-92 cluster is over-
expressed in ESCC and that TNF-α could be a novel target of miR-19a (Liu et al., 2011). 

2.11 c-erbB-2 or HER2 gene 

HER-2/neu (c-erbB-2, HER2) gene amplification and protein over-expression have been 
associated with poor prognosis in several solid tumors, including breast and gastric cancer. 
However, its incidence and significance in EA is unknown (Thompson et al, 2011).  
Expression of erb-B2 in esophageal cancer patients was associated with longer survival and 
may be a good marker to monitoring the treatment sensitivity (D’Amico and Harpole, 2000). 

2.12 TGF-alpha 

Transforming growth factor-alpha (TGF-α) is produced by several human carcinomas. TGF-
α maps to human chromosome 2p11-2p13. TGF-α is a small protein of 50 amino acids. This 
growth factor is found in plasma and urine and is produced by some non-transformed cells 
during the development such as, keratocytes, macrophages, platelets and hepatocytes. Their 
synthesis is induced by estrogens and is related to EGF. The biological activities of both 
growth factors are very similar and both bind to the same membrane receptor encoded by 
the cellular erb oncogene. Experimental studies in Wistar rats observed that TGF-α and 
EGFR play crucial roles in chronic reflux esophagitis (Fujiwara et al., 2004). The integrity of 
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esophageal mucosa, acts upon the equilibrium between cellular protective mechanisms and 
different aggressive factors. It has been found that human esophageal submucosal glands 
elaborate protective biomarkers like TGF-α, EGF, prostaglandin E(2), bicarbonate and no-
bicarbonate buffers (Sarosiek and McCallium, 2000). Nevertheless, an increased production 
of TGF-α is associated with malignant transformation in different cell types (Li et al., 2000). 
TGF-α can be assayed in plasma by a specific radioligant assay or the ELISA method and by 
colony formation assay. Aloia et al., 2001, analyzed the expression of the tumor markers P-
gp, p53, and TGF-α in node-negative esophagus cancer patients. Their results showed that 
this type of analysis sustains the immunohistochemical prognostic value.  

2.13 TGF-beta 

Transforming growth factor beta (TGF-β) and Notch signaling pathways play important 
roles in regulating self-renewal of stem cells and cell-fate determination. Both pathways are 
frequently implicated in gastrointestinal carcinogenesis. TGF-β1 mediated the 
mesenchymal-epithelial transition and may be relevant in esophageal carcinogenesis (Rees 
et al., 2006; Thiery, 2002). However, others showed that the contribution of TGF-beta to 
esophageal adenocarcinoma remains associated with EGFR and p53 (Ohashi et al, 2010).  It 
is well known that the stromal compartment plays an important role in carcinogenesis. 
Genetic analysis showed a strong contribution of an inflammatory component and the key 
pathways included cytokine-cytokine receptor interactions and TGF-β in BE disease 
progression and how these can affect the outcome or progression (Saadi et al. 2010). 

2.14 Alpha fetoprotein 

Alpha fetoprotein (AFP) is a glycoprotein of 591 aminoacids and a carbohydrate moiety. 
AFP is highly expressed in human fetus but in adults, AFP levels are low with unknown 
function, although it can be used as a biomarker to detect tumors. It is indicative of germ-
cell tumors, hepatocellular carcinoma and ectopic production of AFP has also been found in 
different tumors.  In some tumors, the decrease of AFP levels indicates a good prognostic 
value. AFP expression is elevated in gastrointestinal malignancies and its expression is 
related to metastasis (Liu et al., 2010; Mizejewski, 2002). In summary, this tumor marker is 
very useful for monitoring previously diagnosed cancer.  

2.15 CA 19-9 

The carbohydrate antigen 19-9 (CA 19-9) tumor marker can be detected in blood serum and 
in the tumor homogenate of different cancer patients. Levels are often elevated in some 
gastrointestinal cancers, such as colorectal, pancreatic and esophagus cancer. As previously 
reported by our group, the level CA 19-9 was detected by ELISA in colorectal cancer 
patients and was considered as an independent prognostic factor for the relapse (Morales-
Gutierrez et al, 1999).  Studies performed in serum of human ESCC patients showed that 
CA19-9 is a link for E-selectin and this association may play an important role in tumor 
metastasis. Serum CA19-9 may be useful in the follow-up of recurrence and response to 
treatment (Mcknight et al, 1989; Oshiba et al, 2000).  In EA patients, we observed a higher 
concentration of CA 19-9 in tumor areas than in non-tumor areas from the same patient, but 
these results did not correlate with their clinical characteristics (Vegh et al, 2007). 
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Nevertheless, CA 19-9 concentration was higher in patients with more than three positive 
lymph nodes than in patients with negative nodes. In ESCC patients, CA 19-9 concentration 
did not show any differences between tumor and non-tumor areas. In conclusion, patients 
who had advanced or metastatic cancer can be monitored by their CA 19-9 levels 
throughout the treatment.  

2.16 Tumor Necrosis Factor –α 

Tumor necrosis factor alpha (TNF-α) is a pro-inflammatory cytokine with conflicting effects 
in both, tumor growth and tumor regression. These paradoxical results seem to be related to 
differences in this cytokine concentration, as high therapeutic doses induced tumor 
regression while physiological levels of endogenous TNF-α promote tumor growth 
(Anderson et al., 2004). Clinical data related to TNF-α expression by esophageal cells are 
limited. Kilic et al. 2009, studied TNF-α and IL-2 expression in the distal esophageal muscle 
in patients with achalasia of the esophagus and observed that the proportion of 
inflammatory cells expressing TNF-α is inversely correlated with the duration of the clinical 
symptoms. Other studies have shown that TNF-α is up-regulated in the progression to 
Barret´s metaplasia suggesting a role of TNF-α in the transcription of gastrointestinal 
oncogenes (Tselepsis et al., 2002). In ESCC where the miR-17-92 cluster is over-expressed, 
TNF-α seems to be a novel target of miR-19a (Liu et al., 2011). 

3. Esophageal cancer and stem cells 
Despite the fact the incidence of EA has increased over the last 40 years, the biology of the 
normal esophageal epithelium and the pathogenesis of esophageal cancer is not well 
understood (Nguyen et al., 2011). Currently, it is still unknown if esophageal cancer 
initiation, growth and maintenance is caused: i) by the “clonal selection theory”, i.e., 
through the accumulation of genetic alterations in some cells that acquire growth advantage 
over normal cells and leads to the selection of these clones; ii) by the “cancer stem cell (CSC) 
theory” based in the suggestion that only a small number of stem cells accumulate the 
genetic alterations and contribute to the esophageal tumor growth and maintenance; or iii) 
by a mixture of both models (Adams and Strasser, 2008; Hormi-Carver and Souza, 2009).  

3.1 Cancer Stem Cell (CSC) theory and esophageal cancer 

CSC theory is based on the idea that most cancers are initiated for stem cells with genetic 
alterations that are unable to undergo terminal differentiation, i.e., the proliferation capacity 
of stem cells can be difficult to control under certain circumstances and contribute to the 
tumor formation (Nguyen et al., 2011; Quante and Wang, 2009). In solid tumors including 
esophageal cancer, the CSCs have been correlated with resistance to chemotherapy and 
radiation, recurrence and metastasis (Zhang et al., 2005).  It is interesting to highlight the 
lack of agreement on the best markers for CSCs in digestive tumors and doubts about the 
real phenotype and also the existence of the CSCs (Quante and Wang, 2009). There is little 
evidence for the existence of CSCs in esophageal cancer. Stimulation of esophageal stem 
cells of the epithelium contributes to both, esophageal epithelial regeneration and cancer. 
Changes in the activity of the esophagus stem cells and the up- or down-regulation of stem 
cell markers appear to be related to esophageal cancer development, tumor progression and 
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final clinical outcome. Further understanding and characterization of adult esophageal stem 
cells and the factors that contribute to the development of dysplasia and malignancy it is a 
matter of critical importance (Croagh et al., 2008).  

3.2 Stem cells in the esophagus 

Stem cells are classified in two general groups as embryonic and adult stem cells. They have 
the ability to regenerate the tissue where they reside because of their characteristics of self-
renewal and multipotency. Adult stem cells within the gastrointestinal tissue are classified 
as esophageal, gastric, intestinal, colonic, hepatic and pancreatic (Quante and Wang, 2009).  

Stem cells in the human esophagus are present in the basal layer of the stratified squamous 
epithelium (Kalabis et al., 2008; Seery and Watt, 2000). Human esophagus is a complex 
tissue with a slow cell turnover (Croagh et al., 2008). A population of stem cells known as 
Side Population cells (SP cells) were isolated from mouse esophagus (Epperly et al., 2004; 
Kalabis et al., 2008). Esophageal SP cells have the ability to home in on and differentiate to 
esophagus cells as shown by in vitro and in vivo esophageal injury models. A rare stem cell 
population expressing high levels of α6-integrin and low levels of CD71 was characterized in 
the basal layer of the mouse esophagus and whose final function is to form and/or 
regenerate the suprabasal layers (Croagh et al., 2007). A population of stem cells 
characterized by low expression of β1-integrin and high expression of β2-laminin chain was 
isolated from the human esophagus with the ability to reconstitute the esophageal 
epithelium in vitro (Seery and Watt, 2000). It has also shown that bone marrow stem cells 
may contribute to cell regeneration of normal and injured rat esophagus (Sarosi et al., 2008). 

3.3 Stem cell markers involved in cancer development and evolution 

It is a matter of crucial importance to known the markers characteristics of stem cells whose 
expression is significantly increased in the esophageal cancer cells and that would be 
involved in cancer development and associated with a poorer clinical outcome. However, 
there is little information about the phenotype and the biology of the stem cells and the 
cancer stem cells responsible of the low five-year survival rate in esophageal cancer (Kalabis 
et al., 2008; Nguyen et al., 2011).  

The CD44, a glycoprotein involved in cell motility and migration, is one of the most used 
markers for the identification of CSCs in multiple tissues (Nguyen et al., 2011; Quante and 
Wang, 2009). CD44 is also a marker of esophageal CSCs and its expression is associated with 
metastasis and a poor prognosis (Takayama et al., 2003). However, CD133, another common 
CSC marker was not expressed in EA stem cells (Grotenhuis et al., 2010).  

SP cells in the esophagus presented CSCs characteristics indicated by higher clone formation 
efficiency, up-regulation of stem-cell related genes such as Oct-4 and Sox-2, up-regulation of 
the ABC transporter genes, increased expression of the Notch and Wnt-related genes and a 
higher expression of beta-catenin protein (Epperly et al., 2004; Huang et al., 2009).  

Analysis of tumors obtained from ESCC patients demonstrated a high expression of Oct-4 
and Sox-2 genes and this expression was significantly associated with a higher histological 
grade and poorer clinical outcome (Bass et al., 2009; Wang et al., 2009; X. Zhou et al., 2011). 
The HIWI gene was identified in hematopoietic stem cells and germ cells and plays a role in 
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stem cell pluripotency, self-renewal and differentiation. HIWI was also detected in human 
ESCC and its over-expression was associated with higher histological grade and poorer 
overall survival (He et al., 2009).  

Musashi-1 is a RNA-biding protein identified as a marker of the intestinal stem cells and 
found in BE and significantly increased in EA, whereas it is absent in normal squamous 
epithelium indicating an important role in the development and maintenance of the 
esophagus diseases or even the cell of origin for esophagus cancer (Bobryshev et al., 2010).  

Leucine-rich-repeat-containing G-protein-coupled receptor (LgR5) was first proposed as an 
intestinal stem cell marker and recently identified in EA but not in ESCC patients. LgR5 
expression is related with the low survival rate in these patients (von Rahden et al., 2011). 
The neural stem cell marker low-affinity neurotrophin receptor p75NTR is expressed in 
esophageal keratinocyte stem cells with high proliferation properties (Okumura et al., 2003). 
This marker was present in an elevated number of ESCC and EA patients (Okumura et al., 
2006; Sun et al., 2009). p75NTR could be a potential target for future specific esophageal 
therapies. 

3.4 Adult stem cells as an approach for the treatment of gastrointestinal diseases 

In recent years, the progress in stem cells identification and characterization indicate the 
potential therapeutic applications of stem cells in regenerative medicine for the treatment of 
several pathologies. The different types of stem cells, embryonic, induced pluripotent and 
adult stem cells are emerging as a potential approach to treat gastrointestinal disorders. 
Stem cells could be classified in two main groups, i.e., embryonic and adult stem cells. There 
is an increasing interest in the potential use of stem cells in regenerative medicine.  

3.4.1 Embryonic stem cells 

Embryonic stem cells (ESCs) have a high proliferation and differentiation capacity 
(pluripotency). However, there are several limitations to their use for therapeutic purposes 
including the ethical considerations, the elevated self-renewal properties that will induce 
tumors and the immune rejection as they are not patient-derived (Ao et al., 2011).  

The induced pluripotent stem cells (iPSCs) are stem cells obtained from somatic stem cells 
by transfer of exogenous genes involved in the maintenance of ECSs. The iPSCs can be 
generated from the patients´ somatic cells preventing the immune rejection. However, like 
ESCs the risk of teratoma formation is an important problem to be overcome for future 
clinical application (Kooreman and Wu, 2010).   

3.4.2 Adult stem cells 

Adult stem cells are undifferentiated cells present a tissue or organ in very small amounts 
that can renew by themselves and differentiate into all of the specialized cell types of the 
tissue or organ. The principal role of adult stem cells is to maintain and repair the tissue in 
which they are found in case of any disease or injury. Adult stem cells have been found in 
almost all adult tissues, even in more tissues than was thought possible. Several adult stem 
cells such as adult hematopoietic stem cells from bone marrow or from umbilical cord blood 
have been used in transplants for 40 or 20 years, respectively.  
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Mesenchymal stem cells (MSCs) are adult stem cells also present in bone marrow. These 
non-hematopoietic stem cells are isolated from bone marrow by their adherence to the 
plastic plates after culture and characterized by the expression of a set of markers (CD105, 
CD73 and CD90) and the lack of expression of hematopoietic markers (CD45, CD34, CD14 
or CD11b, CD79a or CD19) and the HLA class II surface molecules (Dominici et al., 2006). 
MSC are multipotent cells with the capacity of differentiation into bone, fat and cartilage 
(Horwitz et al., 2005). In addition to the mesodermal differentiation, MSC have been 
differentiated to cells of the endodermal and ectodermal embryonic layers. This 
differentiation capacity as well as their immunosuppressive and immunomodulatory 
properties makes MSCs a very attractive resource for tissue regeneration (Liu et al., 2009). 
Bone marrow MSC are the most used cells in both experimental and clinical settings, 
although MSCs have been isolated from numerous sources such as adipose tissue, umbilical 
cord blood, umbilical cord tissue, amniotic fluid and placenta (Broxmeyer et al., 2006; De 
Coppi et al., 2007; Igura et al., 2004; Macias et al., 2010; Miki et al., 2005; Sarugaser et al., 
2005; Soncini et al., 2007; Tallone et al., 2011).  

Human placenta is an especially complex organ composed of both fetal and maternal 
tissues. At the time of birth, placenta loses its function and is normally discarded. MSC 
obtained from human placenta are stem cells without ethical concerns, isolated without 
invasive procedures and present low risk of viral infection (Hemberger et al., 2008; Pappa 
and Anagnou, 2009; Parolini et al., 2008). Recently, we have described the isolation and 
characterization of a population of MSCs from the maternal part of human placenta, i.e. 
decidua parietalis (Macias et al., 2010). The cells named Decidua-derived Mesenchymal 
Stem Cells (DMSC) is a homogeneous population of MSCs that showed high proliferation 
and differentiation capacity into cell types from the three embryonic layers, genomic 
stability and until senescence and a decrease in telomerase activity indicating that DMSCs 
could be safely used in regenerative medicine. In addition, DMSCs are hypo-immunogenic 
cells suggesting that they could be used in both, autologous and allogenic transplantation 
for future clinical trials. 

3.4.3 Mesenchymal stem cells for the treatment of gastrointestinal diseases 

Recent studies have revealed that MSCs selectively migrate and home in on to damaged 
tissues and organs after systemic or local application (Kidd et al., 2009). This tropism for 
sites of injury, irrespective of the tissue or organ, indicates that MSCs can be useful as 
cellular vehicles as tumors are considered as “wounds that never heal” (Dvorak, 1986). 
Indeed, bone marrow stem cells migrate to esophageal epithelium and contribute to tissue 
regeneration under normal and/or pathological conditions (Sarosi et al., 2008). These 
migratory properties make MSCs a useful and efficient tool for the delivery of therapeutic 
anti-tumor genes to the tumor area (Hall et al., 2007). MSCs will later produce and release 
the anticancer agents in situ which would significantly increase the efficacy and decrease the 
side effects of these therapeutic agents (Nakamizo et al., 2005; Studeny et al., 2002; Studeny 
et al., 2004). Besides, these authors showed also evidences that MSCs can also be used as 
therapeutic agents themselves. The use of MSCs as cellular delivery vehicles offer several 
advantages such as MSCs from several sources are easy to isolate and culture; can be 
expanded in culture without losing their characteristics; and are hypoimmunogenic and 
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show immunomodulatory properties to be well tolerated in allogeneic transplantation 
(Horwitz et al., 2005; Macias et al., 2010). 

4. Conclusion 
In EA and ESCC patients, standard treatments are similar although it is necessary to 
develop earlier diagnosis because of the poor prognosis of esophageal cancer compared to 
other digestive cancers. It is necessary to select the most appropriate predictive biomarkers –
especially, those assayed in esophageal tissue- and determined in with the aim of designing 
specific treatments for each type of esophagus cancer patients and obtain a clear clinical 
benefit. The overall expression of a set of single markers together with the clinical data 
would be useful to predict the development and evolution of this type of tumors.  

In the near future, integrated approaches to biomarkers discovery and development, 
analyses and simulations to predict and identify the most specific biomarkers in esophagus 
cancer, are necessary. In addition, will be important bioinformatics analyses and tissue array 
studies (genomic, proteomic and transcriptomic-based biomarkers) with high quality 
clinical samples. 

The molecular and cellular events responsible for regulating both, the replacement of the 
normal esophageal epithelium and the development and maintenance of cancer are not well 
understood. It is important to understand how the stem cells fate is regulated and the 
factors that play a role in its de-regulation and will contribute to the formation of a tumor. 
MSCs contribute to the regeneration of several tissues and could be used as cellular vehicles 
of anti-cancer drugs increasing their efficacy and decreasing the side effects which would 
greatly improve the quality of life of esophagus cancer patients. In summary, understanding 
the biology of normal esophageal epithelium and the role of the biomarkers of tumor, non-
tumor and esophageal stem cells it is crucial for designing more specific therapies in order 
to increase the reduced current clinical outcomes of esophagus cancer patients. 
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1. Introduction 
Following to completion of human genome project and accomplishment of the entire human 
genome sequence, it rose hopes that cure to many diseases would soon come true. This 
encouraged focusing efforts on the effect of gene expression and the mechanisms by which 
it could affect medicine, among which cancer. However, searches for the genes within 
genome (genome: the entire genes of an organism) whose alteration could be the cause of 
cancer has also been subject of hamper and complications by different mechanisms that 
genes might be transcribed (transcriptome: the entire transcripts of an organism or 
organelles within a specific condition) and subsequently into a variety of functional or 
structural unite known as proteins which can by themselves undergo essential changes [1]. 
As a powerful approach proteomics entails analysis of gene expression at protein 
(translation) and protein related levels such as posttranslational modifications, which 
complement the nucleic acid based level of gene expression. Protein based gene expression 
analysis is done by analyzing the ‘proteome’; the entire protein expressed by a genome in 
cells, their sub-cellular structures such as organelles and tissues at a given time and specific 
condition. As a result, proteome is subject of change with time and condition of the being 
although it is direct product of a genome [2].  

The definition of proteomics has changed greatly over the time. While currently it denotes 
any type of technology that focuses analysis of proteins constituent ranging from a single 
protein to thousands in one experiment, however it was originally attributed to the large 
scale protein analysis, high- throughput separation, and subsequent identification of 
proteins resolved by 2-dimensional polyacrylamide gel electrophoresis (2DE). 2DE is still 
the method of choice for protein separation and identification [2]. In subsequent sections, we 
provided a brief description of 2DE, proteomics, and its application in cancer research, the 
proteins and molecular markers, which were identified in esophageal cancer using this 
methodology.  
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2. Two Dimensional Electrophoresis (2DE) and protein identification 
The first successful two-dimensional electrophoresis dates to the early 1970s by coupling 
denaturing IEF (isoelectric focusing) with the SDS-PAGE. Due to awkward process of 2DE, 
it was relatively unpublicized in its early advent; however, the story has substantially 
reversed several years later when the astonishing paper that revolutionized application of 
2DE was published by O'Farrell [3]. By developing technical aspects of 2DE, O’Farrell was 
able to resolve hundreds of polypeptides in a single gel and in the same experiment. Since 
then, analysis of complex protein entities by 2DE has significantly improved, as in the late 
1980s, 2DE has reached to a fully developed technique [4]. Though there is always space for 
development, 2DE still is subject of ongoing advancements along with seeking alternative 
methods for combining or replacing 2DE in order to achieve higher protein resolution. 
Nevertheless, the main argument that has put forth application of 2DE is that at present 
other methods are no more powerful as 2DE is or are hard enough to handle protein 
complement of the entire genome. 

2DE is composed of proteins or polypeptides separation in two orthogonally (right angle) 
dimension techniques such that in one dimension separation is done based on isoelectric pH 
point (pI) of protein (or polypeptides) by a process which is called isoelectric focusing (IEF) 
and the second dimension based on their molecular weight. As a result of IEF proteins are 
separated based on their charge. Subsequent to IEF, proteins are further resolved or 
separated in the second dimension based on their molecular weight using sodium dodecyl 
sulfate polyacrylamide gel electrophoresis (SDS-PAGE).  

From its early advent a requirement for 2DE was separation and comparison of complex 
protein mixtures with high resolution and reproducibility. The development of immobilized 
pH gradients (IPGs) on strips for IEF has fundamentally improved and solved this 
requirement, allowing intra- and inter-laboratory comparison of the separated protein 
profiles possible. The separated proteins can be detected by staining with dyes or metal ions. 
Silver staining is the most commonly used method for detection of proteins. The method is 
100 folds more sensitive than other dye based staining methods such as Coomassie blue, 
however radiolabeling is still the most sensitive method, which can be used for 
autoradiography or fluorography of proteins (figure1).  

Following to separation of proteins it is required to identify them in downstream process. 
While different methods of protein identification were established during past decades, 
nonetheless, peptide mass fingerprinting in combination with mass spectrometry based 
methods such as MALDI/TOF, MALDI/TOF/TOF, LC/MS/MS mass spectrometry as well 
as other methods which all are based on the mass of amino acids and peptides are 
commonly used for protein identification.  

In addition; nowadays 2DE databases are available and could be used as a replacement or as a 
mean of preliminary analysis of the experimentally obtained 2DE separated and scanned 
polypeptides against such 2DE protein profile provided by databases for a specific cell type, 
organelle, body fluids, or tissues. While such supplementary sources of information are useful 
for primary analysis, however mass spectrometry based methods are still the best mean of 
protein identification with high confidence. The complexity and quantity of data available 
from 2DE gel patterns can be handled by image analysis techniques using automated 
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computer analysis systems, which can provide both qualitative and quantitative information 
for polypeptides resolved in an individual gel and provide pattern matching between gels [2]. 

 
Fig. 1. Detection of proteins as well as modification of which by combining 2DE protein 
separation and mass spectrometry based identification. The figure represents peroxiredoxin 
and its modified form in Jurkat cells in normal cell culture conditions (panel A) or stressed 
with t-Butylhydroperoxide. Cells were lysed, and extracts were separated by two-
dimensional electrophoresis: Linear pH gradient 4 – 8 was used for IEF first dimension and 
SDSPAGE was used for second dimension. Gels were subsequently stained with silver-
nitrate. Arrows indicate the position of the normal (prx2NL) and the oxidized (prxOX) 
forms of peroxiredoxin 2. The change in pI (0.25 pH units) is due to the sole oxidation of the 
–SH group in peroxiredoxin 2 (adapted from Rabilloud, et al [4]). 

3. Low abundance proteins and organelle proteomics 
Although large-scale proteome analysis provides valuable information regarding cultured 
cells, tissues, or body fluids; nevertheless, analysis of the whole proteome might be too 
complex even at cellular level [5]. There are many proteins with low copy number, which 
might be far from resolution of the current methods when the whole tissue or cell is used as 
the source of proteins. Such proteins require enrichment before analysis. Considering the 
large variation in the expression level of proteins within a cell or tissue, the low abundance 
proteins become inevitably masked by high abundance proteins [6]. It should be noted that 
most regulatory proteins such as kinases, GTPases, certain membrane receptors, 
polymerases as well as transcription factors are present in low copy number. As a result an 
important layer of information would be lost [7]. This becomes even more important when 
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there is only limited amount of material available for analysis (e.g. medical biopsies). 
Although genomic approaches have benefited from amplification methods such as 
polymerase chain reaction, protein based methods are poor in this regard as there is not 
currently any method available for their amplification. This drawback was solved in part by 
availability and application of accurate methods of identification such as mass spectrometry 
that require infinitesimal amount of proteins and to some extent using enrichment methods 
of low abundance proteins of interest by methods such as chromatography. For example, 
the total protein content of cells can be enriched by fractionation methods based on affinity 
procedures to isolate groups of proteins displaying similar features (lectin based isolation of 
glycoproteins, charge and hydrophobicity based protein separation or application of specific 
antibodies for isolation of phosphoproteins, etc.). This procedure has the advantage of 
simplifying the complexity of crude cell or tissue extracts, thereby maximizing the 
probability of detecting low abundance proteins. However, it should be noted that 
information with regard to the location of the protein of interest in the cell, organ or tissue 
remains to be elucidated. Organizing eukaryotic cells into sub-compartments with 
specialized features and functions; the organelles, provides a unique opportunity to link 
proteomics data with functional units. In addition identification of a specific protein within 
a specific organelle not only would be a step forward in our understanding of the function 
of the protein of interest and the molecular mechanisms in which it is involved but also the 
functional features of the related organelle as well. So far protein profile of several 
organelles have been elucidated by proteomic [5,7]. 

4. Proteomics in cancer research 
Cancer is well known for its complex nature, which results from accumulation of numerous 
molecular alterations altogether lead to genetic instability, cellular proliferation, and 
acquisition of invasive phenotype and metastasis. While it has long been known that cancer 
to be a genetic disorder, but at functional level, it is rather a protein and proteomics related 
disease, since tumor progression, invasion and metastasis all depend on functional identity 
of cells or proteins such as growth factors, transcription factors, enzymes, signal 
transducers, proteases, etc. As a result different kinds of drugs that target different cellular 
components either protein [8] or nucleic acid constituent of the cells have so far been 
designed for treating the disease. Nonetheless such a broad range of drug could not lead to 
a satisfactory progress in complete treatment of the disease. 

Despite our deeper understanding of the alterations and aberrations that happens in cancer 
cells along with advances in characterizing diversity of cancer transcriptomics, proteomics 
has the potential to complement further expansion the wealth of present information 
generated by genomics in cancers from different aspects. These aspects include; (i) there is 
generally not a direct correlation between level of transcription of specific genes and relative 
abundances of their corresponding proteins, since the resultant transcript might be subject 
of degradation, inactivation, or being kept in silent and inactive form until the time it is 
required (RNA granules) [9] (ii) due to the differential splicing and translation, each gene 
may encode several different protein variants with different properties; (iii) the key proteins 
driving malignant behavior of cancer cells can undergo post-translational modifications 
including phosphorylation, acylation, and glycosylation; and (iv) proteome reflects dynamic 
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changes, it could be a suitable indicator of the disease progression and could be used for 
monitoring and following up the course and response of the disease to the therapy. And 
finally proteins represent the more accessible and relevant therapeutic targets [10,11].  

Despite efforts and successes in prevention of cancers through applying screening programs 
along with public awareness, changes in habits, and application of better treatment strategies 
as well as postoperative programs, nevertheless, there wasn’t so far prospect for a long life in 
case of many patients and cancer still remains the major cause of patients’ death. The major 
cause of cancer death is metastasis. In most cases diagnosis of cancer and treatment of which is 
done when tumor has been developed well, metastasis has happened, and tumor has spread 
into distant organs. Proteomics could play important role not only in the study of molecular 
mechanism of carcinogenesis but also discovery of new cancer markers for early diagnosis of 
the disease, staging in addition to evaluating prognosis, prediction and monitoring of patients’ 
response to a particular therapy. Such markers could directly be released from cancer cells or 
may represent as part of host’s response to malignancy. They might be released into body 
fluids, which make their detection easy. Cells most often shed proteins into extracellular fluids 
including interstitial fluids, lymph and blood plasma. Whilst tissue interstitial fluids are in 
direct contact with tissue/cells via transfer of molecules, the composition of blood plasma 
results from its interaction with tissue’s interstitial fluids. Blood plasma is dynamic; it 
influences the composition of other body fluids and becomes influenced by body fluids as 
well. It is important to realize that relative concentration of biomarkers is highest in the tissue 
of origin and surrounding interstitial fluid. However during the course of drainage from 
interstitial tissues’ fluid into the lymph and lymph vessels and then into blood vessels the 
concentration of biomarker may become subject of crucial reduction. As a result, the 
concentration of specific biomarker in blood would significantly be lower than its original 
concentration in the interstitial fluid. Nevertheless, various body fluids represent more or less 
rich source of different types of biomarkers [10,11]. 

5. Proteomics of esophageal carcinoma 
With 386000 annual death, eophageal cancer is the sixth leading cause of cancer death 
worldwide [12] [13]. The incidence of esophageal cancer is geographically diverse as a large 
variation could be observed for different parts of the world. The high incidence of 
esophageal cancer in certain parts of the world indicates a role for environmental as well as 
habitual factors in addition to genetics.  

While reports indicate the highest incidence rate of esophageal cancer for northern Iran and 
certain parts in China, however, there are other high incidence areas in the world most of 
which are located in the Asian esophageal cancer belt. The Asian esophageal cancer belt 
consists of the central and eastern Asian countries including; Turkmenistan, Uzbekistan, 
Karakalpakstan (an autonomous republic in the eastern part of Uzbekistan), Kazakhstan, 
and parts of Turkey. Together these high-risk geographic areas appear to extend from north-
western Iran to China, along the path of ancient Silk Road collectively known as “Central 
Asian Esophageal Cancer Belt” (Figure 2) [14]. 

Despite recent increase in the rate of esophageal adenocarcinoma in Western world, 
esophageal squamous cell carcinoma (ESCC) still remains the most prevalent subtype of 
esophageal cancer [16]. With five-year survival rate as less than 10% prognosis of 
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esophageal cancer still remains poor. A primary cause for such high mortality is the fact that 
in most cases ESCC could be detected very late when tumor has developed well, invaded 

 
Fig. 2. The Asian esophageal cancer belt. The belt starts from eastern Anatolia in Turkey 
[15], extends through Iran to central Asian countries, China [14] and to the far east. 

surrounding tissues and organs, and therefore at an advanced stage of the disease. Surgical 
resection has shown to be ineffective in 40%-60% of cases due to low resectability of the 
disease, the presence of distant metastases, in addition to high operation risk. Additionally, 
the conventional chemo and radiotherapies are relatively ineffective which further account 
for the poor long-term survival. The patient’s survival becomes poor when the tumor 
spreads and extends through esophageal wall or when it is diagnosed with the widespread 
involvement of lymph nodes. Thus, early diagnosis and exact histological grading of the 
ESCC are critical for therapeutic management [17]. Over the past years, the molecular 
etiology of esophageal cancer was subject of extensive researches. Multiple genetic 
alterations, such as loss of tumor suppressor genes and activation of oncogenes were found 
to be associated with the development of esophageal cancer [18,19]. 

Although recent advancements such as microarray in addition to traditional molecular 
methods have been used for screening ESCC in order to find the important molecular 
alterations that ultimately result in ESCC [20-22], nevertheless, thus far target biomarkers 
applicable for the detection and therapeutic strategies and genes to act as molecular targets 
have not been well identified, indicating further limitations in the effective treatment of 
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ESCC. The high throughput and sensitive proteomic technology is hoped to open an 
effective venue for screening the novel cancer specific biomarkers for ESCC. Tissue and cell 
line based proteomics have widely been used in the study of ESCC and so far protein 
markers (biomarkers) have been identified as potential biomarkers for diagnosis of ESCC 
and possible follow-up of the treatment. Most of such identified protein molecular markers 
are those that are involved in cytoskeleton organization, metabolism, differentiation, 
apoptosis, cell growth, and metastasis as well as redox reactions. In subsequent sections, we 
present a summary of the recent achievements applying proteomics.  

6. Cytoskeleton  
Actin network is essential for several important cellular functions such as pseudopodia 
formation, motility, division, cell surface receptor movement, anchorage, and contact 
inhibition. During malignant transformation, alteration in the expression of actin 
microfilament network as well as other actin-associated proteins which are involved in the 
morphological changes and cytoskeletal organization could be seen. Among such proteins 
are tropomyosins (TPMs). As a major structural component of cytoskeletal microfilaments, 
multiple isoforms of TPMs were identified in the cultured non-muscle cells. At expression 
level different isoforms of TMP are regulated dissimilarly in tumors, implying that these 
isoforms may have different functions in cell transformation. TPM1 [23] and TPM2 [24] have 
shown to be subject of down-regulation while TPM4 [23] and TPM3 ([25], and as our 
unpublished result indicates (in a study on cell lines)) are significantly subject of up-
regulation in ESCC tissues. In addition, fusion of TPM4-ALK was observed to happen in 
ESCC [24] which results in the up regulation of anaplastic leukemia kinase. Though as a 
cytoskeletal and housekeeping protein TPM4 promoter is constantly active, the fusion 
protein (TPM4-ALK) is constantly expressed in tumor cells which results in up regulation of 
fused anaplastic leukemia kinase in the cell and its oncogenic outcome. Deregulation of 
TPM isoforms may cause an imbalance in the normal phenotype of epithelial 
microfilaments, which leads to malignant phenotype of the aberrant cells. These alterations 
may provide clues for the early detection, diagnosis, and identification of therapeutic 
targets. In addition to TPMs altered expression of members of myosin family of proteins 
have also been reported in ESCC ([24] and our unpublished results). 

Transgelin, a calponin related protein whose expression was observed to change in 
transformed cells is another member of cytoskeletal associated proteins that remarkably 
increases in ESCC. Distinct types of transgelin isoforms presents exclusively in cancer 
tissues [23]. Transgelin is an actin microfilament binding protein whose expression is 
regulated by deregulated Ras expression in a Raf independent pathway of transformation. 
Loss of transgelin in breast and colon tumors and in RIE-1 cells has also been reported [26].  

Keratins are components of intermediate filaments of cytoskeleton functioning especially in 
epithelial cells. Keratin1 and keratin 8 ([24], as well as our unpublished results on ESCC cell 
lines, [27-29]) and keratin 13 were observed to be overexpressed in ESCC, while keratin 4 
and keratin 14 are down regulated [30] in. 

Desmin is another member of intermediate filaments that subjects to down regulation in 
ESCC [16]. As a 52 kDa protein, desmin is a subunit of intermediate filaments in the tissues 
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of skeletal, smooth, and cardiac muscle [31] cells. While it is a muscle cell marker and 
important in muscle cell’s development, nevertheless its exact role is not yet known for 
other cell types and demands further studies to unravel its true function. 

Another actin binding protein is fascin that overexpression of which was observed in ESCC. 
Since overexpression of fascin was found to be associated with significant increase in the 
motility and dynamics of cell lines [16]; it could be concluded that the same consequences 
which are; the increased invasion and metastatic potential to happen for ESCC too.  

α-actinins are actin binding and cross-linking proteins. Expression of alpha actinin 4 
(ACTN4) was shown to increase progressively from stage I to stage III. Clinico-pathological 
correlation using TMA (tissue microarray) revealed that overexpression of ACTN4 is 
significantly associated with the advanced tumor stage and lymph node metastasis [25] in 
ESCC. 

In addition gamma actin, tubulin alpha-1 chain, and tubulin beta-5 chain were also reported 
to be subject of change in expression in ESCC. Overexpression of these proteins was 
reported in ESCC [23]. 

7. Differentiation  
Data obtained from models of carcinogenesis suggest that alteration in the normal 
differentiation process is associated with neoplastic transformation [16]. As a result, altered 
expression of proteins, which are related to differentiation, is expected to play role in 
carcinogenesis through dedifferentiation, resistance to terminal differentiation, or alteration 
of differentiation. 

S100A8 ([32], and our unpublished data) and S100A9 [16] are the two other calcium binding 
proteins which are associated with the myeloid cell differentiation. These two proteins are 
subject of down regulation in ESCC. Recently, S100 family of proteins have received 
increasing attention as their possible involvement in several human diseases, including 
cancer. 

Annexins [33,34] were shown to play important role in esophageal carcinogenesis. Annexin 
I down regulation has reportedly been observed in ESCC ([16, 35, 36], as well as our 
unpublished results). Loss of annexin AI correlates with the early onset of tumorigenesis in 
esophageal carcinoma. It was found that expression of annexin AI to be correlated with the 
differentiation status of esophageal carcinomas as high expression of annexin AI was 
reported to occur in the poor differentiated ESCC [35,36]. In addition to annexin AI, down-
regulation of annexin A II and overexpression of annexin AIX were also observed in our 
studies on ESCC (unpublished results) and others [37-39]. 

Transglutaminases (TGases) are calcium dependent enzymes that catalyze formation of 
isopeptide bonds between amide group of glutamine and the Ɛ-amino group of lysine 
during the process of terminal differentiation in stratified squamous epithelia. It was shown 
TGases to be subject of down regulation in ESCC [16,25]. Among TGasese, the protein-
glutamine gamma-glutamyltransferase E (TGM3) plays key role in epidermal terminal 
differentiation through cross-linking structural proteins such as involucrin, loricrin, and 
small proline-rich proteins. Although the role of TGM3 in the differentiation of skin 
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keratinocytes has been well established, however, little information is available regarding its 
involvement in esophageal epithelium. TGM3 stabilizes the cornified envelope of the cells, a 
process that precedes the transition of keratinocytes to corneocytes by apoptosis [40, 41, 42]. 
It is among important molecules involved in the adhesion which is expressed by epithelial 
cells and regarded as inhibitor of invasion. As a result downregulation or loss of TGM3 
correlates with dedifferentiation, increased invasion and high incidence of lymph node 
metastasis [43]. Although the role of TGM3 has well been established in the differentiation 
of skin keratinocytes, nonetheless, little information is available regarding its involvement in 
esophageal epithelium transformation. In addition to esophageal carcinoma, 
downregulation of TGM3 was also reported in laryngeal carcinoma [44], as well as head and 
neck squamous cell carcinoma [45]. 

The other protein that reports have indicated its low expression in ESCC is galectin7, a 
member of the galectin family. The low expression of this protein in ESCC is consistent with a 
differentiation defect in keratinocytes [16]. The major functions of galectin7 include regulation 
of cell to cell and cell to matrix interactions, apoptosis and immunity. It should be noted that 
both downregulation (above) as well as upregulation of galectin7 was reported with regard to 
ESCC. Upregulation of galectin7 was reported by Zhu et al (2010) in ESCC tissues [17].  

Epidermal-type fatty acid-binding protein (E-FABP) is a member of the FABP family that 
mediates transport and utilization of fatty acids. FABPs are small cytosolic non-enzymic 
proteins that have tissue specific expression. They are involved in fatty acid signaling, 
cellular growth and differentiation. It was proposed that they play a role in cellular lipid 
uptake and transport, metabolic pathway, and regulation of protein metabolism. 
Downregulation of E-FABP in has been reported for ESCC [46].  

8. Metabolism  
Several proteins that are involved in cellular metabolism undergo overexpression in ESCC, 
for example, AKR (aldo-keto reductase) family 1, reflecting an increased metabolic and 
biosynthetic requirement of tumor cells and their possible involvement in carcinogens 
metabolism. AKR members have shown to be involved in carcinogen metabolism. As an 
example AKR can activate polycyclic aromatic hydrocarbons (PAHs) by oxidizing trans-
dihydrodiol proximate carcinogens to reactive and redox active ortho-quinones. PAHs are 
ubiquitous environmental pollutants and human carcinogens. Overexpression of AKR 
might yield more active carcinogens and result in cellular transformation and tumor 
development in ESCC [16,47].  

Glutathione transferases (GSTs) compose multigene family of dimeric enzymes of phase II 
detoxification that catalyze conjugation of glutathione to the lipophilic substrates in order to 
make them more water soluble or electrophile [48] essential for their excretion from the 
body. Since a large proportion of pro-mutagens and pro-carcinogens are lipophilic 
compounds, by conjugating them with the electrophilic glutathione they become more 
water soluble and easier targets for excretion into bile or urine. GSTs can be induced by 
many of their substrates and by some non-substrate compounds as well. For example, 
butyrate, an important luminal component produced from bacterial fermentation of dietary 
fibers, is an efficient inducer of GSTs in colonic carcinoma cell lines. M and P family of GSTs 
have a regulatory role in mitogen-activated protein (MAP) pathway and resistance to drugs. 



 
Esophageal Cancer – Cell and Molecular Biology, Biomarkers, Nutrition and Treatment 

 

88

In addition, overexpression of GSTs is associated with the increased resistance to apoptosis 
that could be initiated by various stimuli [49]. GSTM1, GSTP1 and GSTT2 are expressed in 
esophagus mucosa. Higher expression of GSTP1 has been observed in esophagus compared 
to other GSTs [50]. GSTM2 was found to be over-expressed in ESCC. The overexpression of 
this enzyme in ESCC might be a response to the increased GSTM substrates or to the 
bacterial metabolites in the esophagus. In addition to GSTM2, overexpression of GSTP was 
also reported in ESCC [16,51].  

Alpha enolase is a multi-functional enzyme in the glycolytic pathway which catalyzes 
formation of phosphoenol pyruvate from 2-phosphoglycerate. The expression of alpha enolase 
was seen to be elevated in ESCC tissues [52] that might indicate a higher metabolic rate as well 
as switch to glycolytic pathway as possibly the main source of providing the required energy. 

Another metabolism related protein whose expression is affected by cancer is glutamate 
dehydrogenase (mitochondrial) GLUD1. The enzyme is involved in glutaminolysis that is 
important in cancer metabolism [53]. Our observation in the cell lines prepared from ESCC 
also indicates that GLUD1 subjects to down regulation in ESCC. 

9. Redox reaction 
Accumulating evidences indicate that intracellular redox state plays important roles in 
cellular signal transduction and gene expression [54]. Reactive oxygen species (ROSs) which 
are produced during physiological processes in response to external stimuli, can affect 
intracellular redox state. At low levels, ROS modulate gene expression through modulating 
cellular redox state, however, at higher levels ROSs are extremely deleterious and 
potentially damage DNA, proteins, carbohydrates, and lipids. It has been suggested that 
ROSs play roles in all stages of carcinogenesis, including initiation, promotion, and 
progression [55,56]. In order to protect cells from oxidative radical stress, cells have 
developed defense systems that comprise proteins superoxide dismutases (SODs), catatalse, 
glutathione peroxidases, and peroxiredoxins (PRXs). The up-regulation of MnSOD and 
PRX1 in ESCC and their linear correlation with progression of disease from premalignant to 
invasive cancer reflect the cell defense effort in maintaining intracellular homeostasis. 
Interestingly, a minor down-regulation of PRX2 isoform was detected in ESCC [23,24] 
suggesting that different PRX isoforms may have slightly different functions unique to the 
esophageal neoplasms [23] . We observed PRDX5 overexpression in ESCC (unpublished 
observation). Thioredoxin peroxidase (TxP) uses thiol groups as reducing equivalent donors 
to scavenge oxidants. By reducing reactive oxygen species formation, TxP inhibits caspase 
activity and hence apoptosis. Overexpression of TxP in ESCC may increase the number of 
proliferating ESCC cells by inhibiting apoptosis [16]. 

10. Heat shock proteins 
Heat shock proteins are the highly conserved cytoprotective proteins in all species. They 
play essential role in protein folding, transport, translocation, degradation, and assembly, 
even under unstressed conditions. GRP78 is an endoplasmic reticulum (ER) chaperone 
calcium binding protein. It is involved in many cellular processes including the 
translocation of newly synthesized polypeptides across the ER membrane, facilitation of the 
folding and assembly of newly synthesized proteins, degradation of misfolded proteins 
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through proteasome, and regulation of calcium homeostasis. In addition to above functions 
GRP78 endows cancer cells ability to resist against anticancer drugs such as chemotherapy, 
antiangiogensis antibodies, and anti hormonal therapy. It was shown to be involved in 
tumor cell immune resistance, proliferation and metastasis added to its role against 
apoptosis. Thus, it is reasonable that its overexpression accompany with the increased rate 
of carcinogenesis. In accordance with these properties, elevated expression of GRP78 could 
be observed in ESCC. ESCC patients with higher expression of GRP78 show a shorter 
survival than those with low or no expression of GRP78 [52,57]. 

Calreticulin is another calcium binding endoplasmic reticulum specific protein whose up 
regulation was observed in ESCC [24,52]. It is involved in the regulation of intracellular 
calcium homeostasis and endoplasmic reticulum calcium storage capacity [52,58]. 
Calreticulin is a lectin that interacts with the nascent and newly synthesized glycoproteins. 
It functions as a molecular chaperon during folding of glycoprotein [59]. It cooperates with 
calnexin, glycoprotein glucosyltransferase and glucosidase in calnexin/calreticulin cycle of 
protein folding. Role of this cycle is engagement in selective folding of newly synthesized 
glycoproteins in the process of protein translation [60,61]. Approximately all glycoproteins 
transiently interact with one or both of these two proteins (i.e. calnexin or calreticulin) 
during maturation or degradadtion after misfolding [62,63]. 

AlphaB-Cryst is a member of the small heat shock proteins (HSPs), which are ubiquitous 
chaperone molecules related to stresses. They bind to partially denatured proteins, 
dissociating protein aggregates, modulating the correct folding, and cooperating in 
transporting newly synthesized polypeptides to the target organelles. AlphaB-Cryst is able to 
inhibit both mitochondrial and the death receptor apoptotic pathways through abolishing the 
autoproteolytic maturation of the partially processed caspase-3 intermediate. Intriguingly, 
while other HSPs were usually up-regulated in tumors, alphaB-Cryst was often down-
regulated in various cancers including in ESCC tissues. These results point out that alphaB-
Cryst plays a role distinct from other HSPs in the carcinogenesis and its underexpression 
might candidate it as a general tumor marker for various types of cancers [23]. 

gp96 and Hsp27 are the two other chaperones whose expression change have been reported in 
esophageal cancer. Reports indicate upregulation of gp96 and down regulation of Hsp27 in 
ESCC. Hsp27 and gp96 are stress-response proteins. gp96 also plays a role in tumor immunity 
[16]. In addition to gp96, overexpression of HSP70 has also been reported in ESCC [24]. 

11. Cell growth  
Several cell growth related proteins’ expression was seen to change in ESCC. PCNA is 
among such proteins whose overexoression could be observed in ESCC [16]. As a highly 
conserved protein in eukaryotes, it is essential factor for DNA replication and DNA repair. 
In addition to PCNA, upregulation of DNA directed RNA polymerase B has formerly been 
reported by our group in ESCC [24]. 

RNA binding motif proteins 8A (RBM8A), the other growth related protein is also 
overexpressed in ESCC [16]. RBMs play key role in post-transcriptional regulation of gene 
expression in eukaryotic cells and mediate mRNA processing including terminal processing 
of which; intron splicing, editing and deamination of nucleotides [64].  
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Clusterin, the so-called testosterone repressed prostate message, sulfated glycoprotein, 
complement associated protein SP-40, and complement cytolysis inhibitor, is an 80-kDa 
heterodimeric highly conserved secreted glycoprotein expressed in a wide variety of tissues 
and was found in all human fluids. It responses to a number of diverse stimuli, including 
hormone ablation and has been attributed to function in several diverse physiological 
processes such as sperm maturation, lipid transportation, complement inhibition, tissue 
remodeling, membrane recycling, cell adhesion and cell- substratum interactions, 
stabilization of stressed proteins in a folding competent state and is involved in promotion 
or inhibition of apoptosis. In addition, loss and downregulation of clusterin in ESCC, it was 
also lost or decreased in tumor cell lines and tissues [65].  

Another potential tumor suppressor protein is prohibitin that was found to be differentially 
expressed in cancerous tissues compared to the adjacent normal epithelium. Interestingly, 
while expression of prohibitin is positively correlated with the progression of precancerous 
lesions, however, it is inversely correlated with the differentiation grade of squamous cell 
carcinoma of esophagus. The expression of prohibitin drops with dedifferentiation of ESCC. 
This pattern of expression implies that prohibitin may play different roles in different stages 
of esophageal tumorigenesis [23].  

Eukaryotic translation initiation factor 1 a (eIF-1a), reticulocalbin and transmembrane 
protein 4 are three other proteins that overexpress in ESCC [16]. eIF-1a stabilizes Met-tRNA 
to the 40S ribosomal subunit, thus prevents pre-maturation association of 40S ribosomal 
subunit to 60S subunit of ribosome [66]. eIF-1a along with other eIFs stimulate decoding of 
AUG start codon in mRNA [67].  

Reticulocalbin is a calcium binding protein located in the endoplasmic reticulum lumen. 
Overexpression of this protein plays a role in tumorogenesis, tumor invasion and resistance 
to drug [68,69]. 

12. Metastasis  
Cancer cells escape the primary tumor mass and penetrate into the surrounding tissues or 
tissues at far distant through the process of invasion and metastasis, the two processes that 
require degradation of extracellular matrix and/or basement membranes. The key 
molecules involved in the degradation of these structures are cysteine, serine, and aspartic 
acid protease as well as matrix metalloproteinases (MMPs). MMPs contains collagenases 
(MMP-1, MMP-8, MMP-13, MMP-18), gelatinases (MMP-2, MMP-9), stromelysins (MMP-3, 
MMP-10, MMP-11) matrilysins (MMP-7, MMP-26) mating type (MMP-14, MMP-15, MMP-
16, MMP-24, MMP-17, MMP-25) and non-classified (RASI-1, enamelysin 
) [70]. Generally, gelatinases are more often observed in tumor tissues. It seems that they are 
involved more in the invasion rather than other members of matrix metalloproteinases 
[71,72]. High expression of MMP-1 [73], MMP-7 [74], MMP-11 [75] is associated with the 
worse prognosis of tumors, while MMP-9 and MT1-MMP are involved in the depth of 
invasion [76,77]. MMP-2 and MMP-3 were found to be correlated with the lymph node 
metastasis in ESCC [78]. 

Down-regulation of neutrophil elastase inhibitor and SCCA1 (below) in ESCC was among 
other observation by proteomic studies. Neutrophil elastase is an inflammatory protein that is 
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mainly produced by neutrophils. The protease degrades extracellular matrix thereby increases 
ability of neutrophils to infiltrate into the tissues. Neutrophil elastase might also be released by 
some cancer cells to serve a similar function. Low expression of elastase inhibitor in ESCC 
would result in an increased enzyme activity, facilitating tumor invasion and metastasis.  

Squamous Cell Carcinoma Antigens (SCCAs), are members of serine protease inhibitors 
(serpins) [79] superfamily that strong expression of which could be observed in different 
epithelial cancers. Two different isoforms of SCCA are encoded by two highly homologous 
genes SCCA1 and SCCA2 [80]. Both the SCCA1 and SCCA2 proteins are physiologically 
present in the suprabasal layers of normal stratified squamous epithelium[81]. SCCA1 [23] 
was shown to inhibit papain like cysteine proteinases, cathepsin S, K, and L. Serpins are 
involved in the multiple cellular biological processes including tumor cell invasion, cellular 
differentiation, and apoptosis. SCCA1 may function intra as well as extracellularly, serving 
as a cytoprotective mediator [16,23].  

APA-1, a zinc finger protein, was shown to be overexpressed in ESCC. APA-1 is a 
transcription factor which activates transcription of matrix remodeling genes such as matrix 
metalloproteinase 1 (MMP-1 ) during fibroblast senescence [52]. The same role for APA-1 
overexpression could be envisaged for esophageal cancer.  

13. Apoptosis  
Apoptosis is a major barrier for cancer cells that they must have to overcome in order to 
survive. The modest increase observed in COX-2 and p53 protein expression with 
progression from normal to dysplasia suggests that these markers may be the most 
informative in the more advanced state of neoplasias [17,30]. Cyclooxygenases (Cox-1 and 
Cox-2) are enzymes which are involved in the formation of prostaglandins from arachidonic 
acid. While Cox-1 is constitutively expressed; Cox-2 is induced by cytokines, tumor 
promoters, growth factors and viral induced transformation. Cox-2 was found to be 
expressed in various malignant tumors [82]. Expression of Cox-2 could be induced by p53. 
In turn, Cox-2 negatively affects p53 activity through physical interaction with p53. Cox-2 is 
a positive regulator of growth while p53 is a negative regulator of growth thus increasing 
expression of Cox-2 by p53 seems to be a controlling event of growth by creating a balance 
between induction and inhibition of cellular division. It is suggested that p53-dependent 
induction of Cox-2 abate apoptotic and growth inhibitory effect of p53 [83].  

14-3-3 protein sigma, also known as stratifin or HME-1, has recently reported to be down 
regulated in ESCC. It is transactivated by p53 in response to DNA damage and negatively 
regulates both G1/S and G2/M cell cycle progression. Overexpression of stratifin increases 
stabilization of p53 through blocking Mdm2 mediated p53 ubiquitination and enhanced 
oligomerization of p53, leading to the increased p53 transcriptional activity. Additionally, 
expression of stratifin inversely correlates with the differentiation grade of ESCC indicating 
that malignant cells arising from esophageal epithelium may lose stratifin in progressive 
dedifferentiation [23]. Stratifin is a checkpoint protein that causes G2 arrest following to 
DNA damage. Inactivation of this protein; mainly by methylation, was reported in some 
tumors. Likely loss of this protein impairs the function of G2/M checkpoint results in the 
accumulation of genetic defects and ultimately cancer [84]. 
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Table 1 represents proteins that were identified using proteomic based methods in ESCC 
and we discussed here. These are not the only proteins identified with regard to ESCC, 
though other proteins could also be found in other literatures. Here we focused on some 
proteins as examples for documenting the applicability of proteomic based methodologies 
in the molecular etiology of cancers and among which esophageal cancer in particular. A 
long list of proteins for ESCC could be found in literatures that are far from scope of the 
present book chapter. We propose that in future studies attempts to be focused on 
narrowing down the list of proteins to as small number and to as tissue specific as possible 
till each of such proteins could be correlated with a specific type of cancer. Such a narrowing 
down is important from that respect that makes detection and prediction of specific type of 
cancer possible before the onset of the disease, especially by using such proteins as markers 
in body fluids, body secretions and excretions and other rout of discharge from the body. 
Fortunately, recent reports indicate the potential of proteomic based studies in correlating 
and establishing fine relationship between the expression patterns of several proteins with 
the stage of carcinogenesis as well as differentiation or grade of cancer. Among such reports 
are papers published by Qi and colleagues [23] and Nishimori, et al. [85] that showed well 
such a correlation. These proteins have significant clinical value since they could be used as 
molecular markers in order to evaluate the tumor per se and prognosis for evaluating the 
efficacy of the treatment as well as prediction of recurrence, etc. (figure 3).  
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Cytoskeleton 
 

TPM4
 

TPM1
 TPM3 TPM2
 Transgelin Keratin 4 
 Keratin 1 Keratin 14 
 Keratin 8 Desmin 
 Keratin 13
 Tubulin alpha chain 1
 Fascin

Tubulin Beta-5 chain 
 
 
 

Differentiation 
 
 
 
 
 
 
 

Metabolism 
 
 
 
 

Redox reaction 
 
 
 

Αlpha actinin 4
 
 

Annexin A4 
Galectin 7 
 
 
 
 
 
 

AKR 
GSTM2 
Alpha enolase 
 
 

MnsOD 
PRX1 
PRX5 
TxP 

 
 

S100A9 
S100A8 
Annexin A1 
Annexin A2 
TGM3 
Galectin 7 
 
 

GLUD1 
 
 
 
PRX2 
 
 
 



 
Proteomics and Esophageal Cancer 

 

93 

Classification (cellular function) Upregulated Downregulated 
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14-3-3 Protein 
Sigma 

Table 1. Proteins identified by proteomics in ESCC and discussed in the text. 

 
Fig. 3. Correlation between expression patterns of several proteins identified by 2DE and 
differentiation status (A), grade (B) or the degree of lesion (C) in ESCC. Numbers in the 
parenthesis indicate the spot number in 2DE gel pattern explained in the text by the authors. 
A well correlation could be established for stratifin, TPM4, peroxiredoxin and the other 
member of redox family of proteins; peroxiredoxin1, as well as Mn-SOD with the degree of 
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the disease progression. Other proteins show more or less the same pattern of expression 
change (adapted from Takanori Nishimori, et al [85]).  

14. Conclusion 
The complexity of the carcinogenesis in addition to the dynamics of the protein constituent 
of the cells demand new approaches for the analysis of the molecular etiology of cancers and 
among which ESCC for establishing appropriate strategies of their successful detection, 
treatment, and follow up. Proteomics is a powerful mean of gene expression analysis 
applicable both at translational as well as posttranslational level. In addition it could be used 
for studying protein-nucleic acid, or protein-drug interaction, along with vast other 
applications. As a result, proteomics could be an appropriate complement for the gene 
expression based analyses. It enables to put further steps of information ahead which is the 
entire genes being expressed in a cell or tissue at a given time and under specific condition. 
So far many proteins in different steps of carcinogenesis have been identified that found to 
be subject of alteration in carcinogenesis. Accumulating data indicate that proteomics could 
be an efficient approach for the identification of molecular alterations in ESCC 
carcinogenesis in addition to other cancers.  

The data generated by proteomics in ESCC has so far lead us to the identification of a set of 
proteins, which are involved in the different stages of ESCC carcinogenesis. These proteins 
are not only related to the alterations in the structure but also to the function of ESCC 
among which cell growth and division along with apoptosis and invasion. Moreover, 
several of such identified proteins were also found to be as appropriate biomarkers of ESCC, 
which authenticates the efficacy of the proteomic based strategies in clinical investigations 
and practical application. It is expected that proteomic evaluation of tissues and body fluids 
could open a venue to the achievement of the proper approaches of the assessment of the 
overall status of health and prognosis of cancers including ESCC. 
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1. Introduction 
It has been well established that excessive ethanol consumption is associated with an 
increased risk of cancers in various organs (Bann et al. 2007). It is estimated that alcohol 
consumption accounts for 3.6% of all cancer cases and 3.5% of cancer deaths in the world 
(Boffetta et al. 2006). However, the mechanisms by which ethanol causes cancer remains 
obscure.  

Recently, aberrant statuses of retinoids, which are structurally and/or functionally related to 
vitamin A (retinol), have been implicated in the pathogenesis of some types of cancers. It is 
well established that, at least in natural conditions, retinoic acids (RAs) are mainly 
responsible for retinoid actions among various retinoids. A current consensus is that RAs 
are supplied via retinol metabolisms in vivo.  

Both retinol and ethanol are types of alcohol. Thus, features of their metabolic pathways are 
similar to each other. The aim of this chaper is to summarize the latest knowledge on the 
supply pathway of RA in vivo and that on carcinogenesis due to short supply of RA. 
Moreover, we recently suggested that in situ RA supply was disturbed by ethanol 
metabolism in esophageal mucosa, and hypothesized that this could account for the 
pathogenesis of esophageal cancer seen in alcoholics. In this chapter, we also discussed how 
this hypothesis could be fit to the clinical characteristics of esophageal cancer seen in 
alcoholics. Since many of the views introduced in this chapter are obtained from animal 
models, we must interpret them carefully. However, we believe that most of these views are 
fully applicable for clinical cases.  

2. Cancers in heavy drinkers and their characteristics 
2.1 Organ specificities in cancers related to ethanol consumption  

Many reports suggest that ethanol consumption could be a risk factor for malignancies of 
multiple organs (Alcohol and Cancer- Widipeda, http://en.wikipedia.org/wiki/ Alcohol_ 
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and_ cancer). However, the current consensus, established by a meeting of the International 
Agency for Research on Cancer (IARC) in 2007, is as follows: Alcohol beverages are 
definitely carcinogenic to humans and they contribute to the development of human cancers 
in the oral cavity, pharynx, larynx, esophagus, liver, colorectum, and the female breast, but 
they are not related to the development of human renal cell cancer and non-Hodgkins 
lymphoma (Bann et al. 2007). Currently, it is acceptable to assume that alcoholic beverages 
could be carcinogenic but there are apparent organ specific susceptibilities to the 
carcinogenicity of ethanol, and the esophagus is one of these susceptive organs.  

2.2 Genetic variations and cancers related to ethanol consumption 

Imbibed ethanol is metabolized mainly by an NAD-dependent mechanism in vivo. In this 
pathway, ethanol is oxidized to acetaldehyde, which is further oxidized to acetate (Lieber 
1984). This process is performed mainly in the liver where alcohol dehydrognease 1 (ADH1), 
comprising ADH1A, 1B, and 1C, is responsible for ethanol oxidation to acetaldehyde and 
aldehyde dehydrogenase 2 (ALDH2) is responsible for acetaldehyde oxidation to acetate. 
Among these enzymes, genetic variations of ADH1C and ALDH2 are known to affect 
ethanol metabolism. ADH1C includes two polymorphisms i.e., ADH1C*1 and ADH1C*2, 
encoding γ1 and γ2 subunits, respectively. The Kcat values for ethanol of γ1γ1 
and γ2γ2 isoforms were shown to be 87 min -1 and 35 min -1 , respectively (Bosron and Li, 
1987), indicating that the former catalyzes ethanol faster than the latter, such that the former 
produces larger amounts of acetaldehyde than the latter during a constant period when they 
encounter the same amount of ethanol. On the other hand, ALDH2 also includes two 
distinct polymorphisms i.e. ALDH2*1 and ALDH2*2, and the latter encodes a variant 
subunit of ALDH2 lacking catalytic activity for acetaldehyde. This variant is often seen in 
Asians but is rare in other races (Goedde, 1992). Most homozygous carriers of this allele are 
non-drinkers, since they can not oxidize acetaldehyde and can not complete ethanol 
metabolism in vivo. Thus, they are hardly exposed to the harmful effects associated with 
ethanol consumption including carcinogenesis. Heterozygous carriers of ALDH 2*1 / 2*2, 
who account for around 40% of the population in some Asian countries, including Japan, 
can consume alcohol beverages. However, since the catalytic activity for acetaldehyde in the 
heterozygous carriers is around 10% of that of homozygous carriers of ALDH2*1/2*1 
(Thomasson et al. 1993), significant acetaldehyde accumulation, of which symptoms are 
represented by the flushing phenomenon, occurs after drinking. Importantly, the risks of 
several cancers, including esophageal cancer seen in alcoholics, have been reported to be 
higher in alcoholics having the variant ADH1C*1 (Homann et al. 2006) and ALDH2*2 
(Yokoyama et al. 1996). However, contradictory findings have also been published for the 
ADH1C*1 variant (Brennan et al. 2004) and a consensus statement of a meeting of IARC in 
2007 only accepted a higher risk of cancer in subjects with the ALDH2*2 variant (Bann et al. 
2007). At any rate, genetic differences in ethanol-oxidizing enzymes, which alter in vivo 
acetaldehyde levels after drinking affect the inceidence of cancers in alcoholics.  

2.3 Field cancerization in cancer related to ethanol consumption  

The concept of field cancerization has been recognized. Namely, during the development of 
some cancers, such as that in aerodigestive organs, some genetic alterations which are 
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peculiar to cancer cells occur not only in cancer cells, but also in non-cancer cells adjacent to 
the malignant tumor, or in advanced pre-malignant lesions in cancer-free patients (Hong et 
al. 1995). Alteration of the p53 gene and accumulation of its protein are typical observations 
seen in field cancerization (Shin et al. 1994). The fact that a mutated p53 protein has a longer 
half-life compared to that of wild-type p53 may account for its accumulation (Gao et al. 
1994). The field cancerization has been confirmed in human esophageal mucosa (Gao et al. 
1994), and furthermore, in that of alcoholics (Yokoyama et al. 2011). Namely, it is fully 
expected that esophageal cancer develops in a manner of field concerization in some 
alcoholcs..  

2.4 Animal models of cancers related to ethanol consumption 

There are several lines of animal models demonstrating the carcinogenicity of ethanol, 
however, in most models, cancers were produced by the combination of ethanol and other 
carcinogens. Notably, Sofferitti et al. demonstrated that the administration of 10% ethanol 
ad libitum for 104-152 weeks alone could  produce cancers in Sprague-Dawley rats, 
including breeders and offspring. They demonstrated that ethanol consumption increased 
the risk of head and neck cancers. However, other cancers, which were induced by this 
model, were different from those seen in human alcoholics, for example, interstitial cell 
adenocarcinoma of the testis, Sertoli cell tumor in the ovary, uterus carcinoma, 
pheochromoblastoma, and head osteosarcoma (Soffritti et al. 2002). Moreover, at least in 
their model, ethanol administration did not affect the incidence of cancers of the esophagus, 
lung, colorectum, breast, and liver, which are now regarded as related to ethanol 
consumption in humans (Bann et al. 2007). These observations indicate that ethanol is also 
carcinogenic in the rat, however, the features are different from those in humans. There 
seems to be strain specific susceptibilities to the carcinogenicity of imbibed ethanol. On the 
other hand, one paper demosntrated that the administration of acetaldehyde vapour 
produced various lesions in the respiratory epithelium including squamous metaplasia and 
squamous cell carcinoma (Feron et al. 1986).  

3. In vivo dynamics of vitamin A for the production of RA  
Molecules which are structurally and/or functionally related to vitamin A (retinol) are 
called retinoids. Presently, over 4000 retinoids including natural and synthetic ones have 
been identified. They are biologically important since they participate in the regulation of 
various phenomenon of life. Since mammals can not synthesize retinoids in vivo, they must 
take them from foods. The current consensus is that the effects of retinoids are mainly 
attributable to retinoic acids (RAs). In spite of the large demands for RAs in tissues, its 
serum level has been reported to be just 2-3 ng/ml (Moulas et al., 2006). This level was too 
low to satisfy all in vivo demands, suggesting the existence of a compensatory supply system 
in situ. And, recently, it became clear as to how RAs were produced from retinol in situ. The 
following is a summary of recent knowledge as to in vivo retinoid dynamics.  

3.1 Absorption, storage, and delivery of retinol to a target cell  

Food contains retinol, retinyl ester, and β-carotene, which are absorbed in the small 
intestine. When intestinal epithelial cells absorb retinyl esters, they are converted into retinol 
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via retinyl ester hydrolase (REH) in situ. β-carotene is cleaved to retinal via β−β−carotene-
15,15’ monooxygenase and the retinal formed is converted into retinol via retinol 
dehydrogenase. Retinol, then, binds to celluar retinol binding protein (CRBP), which 
contributes to the stabilization of retinol and its solubilization in the aqueous phase. In turn, 
this complex is converted to retinyl esters via lecithin retinol acetyltransferase (LRAT). 
Retinyl esters formed are released into blood vessels and transported to the liver. In 
hepatocytes, retinyl esters are converted into retinol via REH, and the retinol forms a retinol-
CRBP complex with CRBP. A part of this complex is transported to hepatic stellate cells, 
which are major storage sites of retinol in vivo. There, the retinol-CRBP complex is converted 
to retinyl esters again via LRAT for storage. Upon in vivo requests for retinol, they are 
converted back to the retinol-CRBP complex via REH, which is returned to the hepatocytes. 
Recently, Bcmo1, an enzyme, which participates in β-carotene metabolism, was shown to be 
highly expressed in hepatic stellate cells, suggesting that they also contribute to β-carotene 
metabolism (Shmarakov 2010). Further studies are necessary to clarify the significance of 
this enzyme in stellate cells. In hepatocytes, CRBP of the retinol-CRBP complex is converted 
to serum retinol-binding protein (sRBP or RBP4). The retinol-RBP4 complex is released from 
the liver into blood vessels, and is delivered to retinoid target cells. In blood vessels, 
transthyretin (TTR) binds to the retinol-RBP complex, preventing efflux of the complex 
from the kidney. These features are summarized in Figure 1. 
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Retinol, retinyl esters, and β-carotene in food are absorbed mainly by the small intestine and stored in 
hepatic stellate cells. Retinol binds to retinol binding protein (RBP) -4 in the liver and transthyretin 
(TTR) in blood vessels and is delivered to target cells. [CRBP; cellular retinol binding protein, RDH; 
retinol dehydrogenase LRAT; lecithin retinol acetyltransferase, REH; retinyl ester hydrolase] 

Fig. 1. Absorption, storage, and delivery to a target cell of retinol. 
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3.2 RA formation from retinol in RA target cell 

A cell which requires RA, namely a RA target cell usually expresses a receptor for RBP4, 
named “stimulated by retinoic acid 6 (STRA6)“, on its surface and their combination allows 
for the retinol-RBP4-TTR complex to bind to the cell curface. From the complex, the cell 
incorporates only retinol by the action of LRAT. A part of free retinol binds to CRBP, 
forming a retinol-CRBP complex in the cell. Since the CRBP-1 gene has a binding site for 
RAR-α at its promoter region, it may be up-regulated by RA, suggesting that the protein 
contributes to retinol storage when RA is over supplied in the cell. On the other hand, free 
retinol is converted to RA via a two step oxidation process in which retinol is first oxidized 
to retinal via retinol dehydrogenase (RDH), and is then oxidized to RA via retinal 
dehydrogenase (RalDH). The formed RA binds to a cellular RA binding protein (CRABP), 
which may contribute to RA storage in the cell. The formation of a RA-CRABP complex may 
also facilitate the migration of RA from the cytosol into the nucleus, and the formation of 
RA-RA receptor complex binding to RA target genes. Free RA is further catalyzed to 4-
hydroxyl-retinoic acid (4-OH-RA), 18-hydroxy-retinoic acid (18-OHRA), 4-oxo-retinoic acid 
((4-oxo-RA), and 5,6-epoxy-retinoic acid (5,6-epoxy-RA) in the cell via Cyp26A, B, and C, 
enzymes of a P450 familiy. Among these RA metabolites, 4-oxo-RA has been shown to have 
RA activity (Baron et al.). These features are summarized in Figure 2.  
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A cell incorporates retinol from a Retinol-RBP4-TTR complex in blood vessels via STRA6. Retinol is 
metabolized to retinoic acid (RA) via a two step oxidation process. RA binds to a cellular retinoic acid 
binding protein (CRABP), and is transferred into the nucleus, when it exhibits its action. 4-oxo-RA, a 
metabolite of RA, may also have a RA effect. [CRBP; cellular retinol binding protein, RDH; retinol 
dehydrogenase RalDH; retinal dehydrogenase, RBP4; retinol binding protein 4, TTR; transthyretin, 
LRAT; lecithin retinol acetyltransferase] 

Fig. 2. Retinoic acid formation from retinol in a retinoic acid target cell. 
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4. RA and gene expression 
4.1 RA receptors 

When RA is transported into the nucleus, it binds to RA receptors which usually bind to 
the promoter regions of RA target genes. They comprise two classes, i.e. retinoic acid 
receptors (RAR) and retinoid X receptors (RXR), and each comprises three subtypes 
designated as α, β, γ, respectively. Furthermore, each subtype has several isoforms, 
namely two isoforms of RARα (α1, α2), five isoforms of RARβ (β1−β4  and β1’), two 
isoforms of RARγ (γ1, γ2), and two isoforms of RXRα (α1, α2), two isoforms of RXRβ 
(β1, β2), and two isoforms of RXRγ (γ1, γ2). RARs have affinity to all-trans and 9-cis RA, 
and RXRs have affinity to 9-cis RA. They show cDNA sequence homology with receptors 
of vitamin D, glucocorticoid, and estrogen. RXR can form homodimers with RXR and 
heterodimers with RAR. Furthermore, RXR can form heterodimers with peroxisomal 
proliferation activated receptors (PPAR), farnesoid X receptors (FXR), liver X receptors 
(LXR), pregnant X receptors (PXR), constitutive androstane receptors (CAR), and vitamin 
D receptors (VDR). In these cases, RA, especially 9-cis RA, may regulate gene expression 
with the other regulators which are originally required by partner receptors, namely fatty 
acid, bile acid, oxysterol, some xenobiotics, vitamin D, and their analogs, except for the 
cases where RXR is non-functional. Notably, the RXR-RXR homodimer was shown to 
activate PPARs (Ijpenberg et al.2004) 

4.2 Gene regulation by RA 

RA regulates gene transcription via multiple mechanisms. The simplest way is that RA 
directly affects transcription of the target gene via RA receptors. The hetero- or homo- dimer 
of RA receptors, i.e., RXR-RXR, RAR-RAR, or RXR-RAR, binds to the RA DNA Response 
Element (the specific sequence of GGTTCA(N5)AGTTCA, RARE), usually located at the 
promoter region of the target gene. When RA and co-activators, such as the pCIP/p300 
complex, binds to the dimer, gene transcription starts under the presence of RNA 
polymerase II. This condition is schematically illustrated in Figure 3.  

 

RARE

R
X

R

R
A

R

RApCIP

p300

RNA polymerase

mRNA

Protein 

gene                                               transcriptional region 
RARE

R
X

R

R
A

R

RA

R
X

R

R
A

R

RApCIP

p300

pCIP

p300

RNA polymerase

mRNA

Protein 

gene                                               transcriptional region 
 

 

When RA binds to RARE, located at the 5’ region of a gene via RA receptors, gene transcription starts. 
For this event, co-activators, such as a pCIP/p300 complex and RNA polymerase II, are required.  

Fig. 3. Regulation of gene transcription by RA (1).  
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There are several lines of evidence to suggest that the functions of RARs are also regulated 
by their phosphorylation statuses. The enzymes responsible for their phosporylation 
processes remain obscure. However, observations suggest that regulation of gene 
transcription by RA is not a simple event in such a simple model. The identification of 
enzymes responsible for this process will provide further information as to how RAs 
regulate gene expressions. 

Sometimes, RA can regulate the expression of some genes lacking RARE. Namely, RA 
regulates the expression of a transcriptional factor, such as Hox1, which regulates that of 
another gene, as illustrated in Figure 4.  
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Some transcriptional factors are produced from some RA-regulated genes (gene 1). When the 
transcriptional factor binds to the binding site on another gene (gene 2), its transcription starts and 
protein 2 is produced. In this case, protein 2 is thought to be RA regulated.  

Fig. 4. Regulation of gene transcription by RA (2).  

The transcription of some genes is regulated by polycomb group proteins (PcG, Simon and 
Kingston 2009). Although it is still unclear how PcGs recognize their specific sites on DNA, 
they bind to some regions on their target gene. In this situation, co-activators, such as the 
pCIP/p300 protein, can not bind to retinoid receptors binding to the gene, and gene 
translation does not occur. Gillespie and Gudas demonstrated that RA regulates this PcGs-
DNA binding. Namely, when RA binds to the RAR-RXR complex, which binds to RARE 
sometimes located at the 3’ region of the gene, PcGs are removed from the gene, facilitating 
the binding of the gene co-activator(s), starting gene transcription (Figure 5). They 
demonstrated that the RARγ−RXR-RA complex exclusively exhibits such an action, but not 
others. Expressions of Cyp26a1, and RARβ2 are known to be controlled in this way 
(Gillespie and Gudas 2007).  
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Transcription of some genes is regulated by RA via the polycomb group proteins (PcGs) status. In such 
a gene, transcription does not occur without RA since PcGs binding to the gene inhibit its transcription 
(a). However, when RA makes a complex with its receptor, and the complex binds to the RARE of the 
gene which is usually located at its 3’ region, PcGs are removed from the gene, allowing the binding of 
co-factors to the gene via the retinoid receptor, and its transcription starts (b). (modified from a figure 
from Gillespie and Gudas 2007) 

Fig. 5. Regulation of gene transcription by RA via PcGs.  

5. Retinoids and cancer  
When vitamin A, a major source of RAs, is depleted, metaplasia of squamous cells occurs 
(Harris et al. 1972,Lotan et al. 1993). In clinical cases, vitamin A deficiency has been 
implicated in the development of esophageal cancer (Mellow et al. 1983). In vitro studies 
clearly demonstrated that retinoids inhibit cell proliferation of normal cells (Lee et al. 1995). 
The current consensus is that normal differentiation and proliferation of the cell are spoiled 
when intercellular homeostasis of retinoids is disturbed (Zou et al. 1994). Apparently, an 
abnormal retinoid status is related to carcinogenesis. Therefore, it is not surprising that the 
administration of retinoid prevents the development of squamous cell carcinoma in the skin, 
oral cavity, and lung in animal models (Moon et al. 1994). Notably, some synthetic retinoids 
were reported to be effective in preventing the development of esophageal cancer from 
severe esophageal squamous dysplasia (Han 1993).  

Retinoids also act against malignant cells. They suppress the growth rate of various tumor 
cells including melanoma, neuroblastoma, glioma, retinoblastoma, embryonal carcinoma, 
lymphoma, leukemia, myeloma, various sarcoma, as well as cancers of the breast, prostate, 
bladder, colon, head and neck, and cervix. Most malignancies develop based on the 
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complicated accumulation of various events including genetic alterations, dysregulation of 
cell growth, abnormal cell differentiation, and changes in the phenotype and cell function. 
Retinoids may be involved in all of these steps and usually exhibit anti-cancer effects.  

5.1 Retinoids and apoptosis  

It is well established that retinoids induce apoptosis and cell cycle arrest in some malignant 
cells. All-trans retinoic acid (ATRA) has been known to produce p53 dependent apoptosis in 
promyelocytic leukemia HL-60 cells (Noguchi et al. 1995). Moreover, a synthetic retinoid up-
regulated the expression of p21 (WAF1/CP1), Bax, and Killer/DR5, resulting in cell-cycle 
arrest of the G1 phase and apoptosis in human non-small cell lung cancer cell. These 
phenomena were observed only in cell lines having a wild type of p53, but not in those with 
mutant p53, indicating that they were p53 dependent (Sun et al. 1999a). On the other hand, 
retinoids were shown to produce cell-cycle arrest of the G0/G1 phase and apoptosis in a p53 
independent manner in human breast cancer cells (Shao et al. 1995). Apoptosis due to 
retinoids via the BCL2 pathway in orbital fibroblasts (Pasquali et al. 2003), via caspase-3 in 
esophageal squamous cells (Wan et al. 2001), and via CPP32-like caspase in lung non-small 
cell carcinoma (Sun et al. 1999b) have been also demonstrated. In addition, c-Myc and its 
downstream genes have been shown to be involved in apoptosis caused by a synthetic 
retinoid in human lung cancer cell (Sun et al. 1999c). The mitogen-activated protein kinase 
(MAPKs) pathway is now recognized as an important cascade regulating the expressions of 
various genes related to apoptosis and cell proliferation. RA also activates MEK-dependent 
ERK2, a member of the MAPK family, and subsequent RB hypophosphorylation, resulting 
in cell differentiation and G0 arrest in the myeloid leukemia cell line (Yen et al. 1998).  

Obviously, retinoids have the potential to produce apoptosis in various cells, resulting in the 
reduction of cell growth. Thus, it is fully conceivable that an RA deficiency causes the 
reduction of cellular apoptosis, which may cause carcinogenesis. Although the mechanisms 
as to how retinoid causes apoptosis have not been unified, differences in experimental 
conditions, including characteristics of target cells, structures of retinoids used, and 
amounts of retinoids used, may account, at least in part, for this complexity.  

5.2 Retinoids and cell differentiation  

Retinoids maintain proper differentiation in normal cells at physiological doses as well as 
restore demolished regulation of differentiation and/or cell growth of certain malignant or 
pre-malignant cells at pharmacological doses. At any rate, they usually enhance cell 
differentiation (Gudas et al. 1994). RA signals via RAR-β2 seem to be responsible for the 
maintenance of normal cell differentiation in epithelial cells. RAR-β2 signals are known to 
suppress the expression of EGFR (or ErbB-1). Thus, its reduction causes over expression of 
EGFR and its downstream proteins comprising activating protein-1 (AP-1) and COX-2, 
resulting in the disturbance of normal cell differentiation. The RAR-β2 signals are also 
known to attenuate the phosphorylation of extracellular signal-regulated protein kinases 1 
and 2 (Erk1/2), contributing to the down-regulation of AP-1 in esophageal cancer cells (Li et 
al. 2002). Recently, a new protein named retinoid receptor induced gene 1 (RRIG1), 
mediating the anticancer effects of RAR-β2, was cloned from esophageal cells. When its 
expression is maintained, the expression of RhoA and its downstream proteins including 
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Cyclin D1, the phosphorylation of Erk1/2, and COX-2 are suppressed. RhoA also causes f-
actin formation which induces colony formation, invasion, and proliferation of cells. 
Suppression of RhoA is required to keep these malignant characteristics in stationary states. 
When RRGI1 expression is attenuated using its antisense mRNA, these malignant 
characteristics were induced in esophageal squamous cancer cell lines (Liang et al. 2006). 

Preservation of cell-cell communication is an important characteristic for maintaining 
normal cell differentiation. Retinoids induce expression of connexin 43, a gap junction 
protein, contributing to the meintenance of cell-cell communication (Rogers et al. 1990). 
Retinoids also participate in the maintenance of gene expression of various extracellular 
matrix proteins, including integrins, lamminin (Ross et al. 1994), and hyaluronic acid (Kim 
et al. 2010) to prevent the transformation of normal cells. RA signals via RAR-β may 
participate in the expression of several cell adhesion proteins, such as LSAMP which has 
anti cancer effects, and PCDH11Y which guides normal development (Wallden et al. 2005). 

5.3 Retinoids and anti cancer effect via immunity  

Retinoids also exhibit anti tumor effects via immunological mechanisms. Treatment of 
tumors with ATRA resulted in increased sensitivity to CTL and NK-cell-mediated lysis via 
MHC class I (Santin et al. 1998, Thompson et al. 2006). ATRA administration was shown 
to enhance apoptosis induced by IFN-γ in human glioblastoma cells. IFN-γ causes 
expression of HLA class II and HLA-DM molecules, and expression levels become higher 
when cells are treated with ATRA. Apparently, ATRA contributes to the production of 
apoptosis via the class II-mediated immune system (Haque et al. 2007). Recently, 
upregulation of HER2 (or ErbB-2) is implicated in the carcinogenesis of some cancers. 
IFNγ is known to downregulate HER2 oncoprotein p185 and this may be an event 
explaining the anti cancer effect of IFNγ. Ou et al. demonstrated that IFNγ induces the 
expression of RRIG1, which is responsible for the downregulation of the HER2 
oncoprotein p185 in ovarian cancer cells. Thus, retinoids, which are essential factors for 
maintaining RRIG1 expression, should be important in exhibiting the anti-cancer effect of 
IFNγ (Ou et al. 2008). Retinoids exhibit anti cancer effects not only via ErbB-1, as shonw in 
section 5.2, but also ErbB-2.  

RA signals via RAR-β2 have been shown to increase the expression of tumor cell antigens, 
such as CTAG1, CTAG2, and those of RIG-1/DDX58, responsible for the innate immune 
response (Wallden et al. 2005). From this viewpoint, retinoids are also indispensable for the 
anti cancer effect via immunity.  

5.4 Lack of RAR-β2 expression and carcinogenesis  

There is no doubt that RA has anticancer effects, however, some cancers exhibit RA 
resistance (Lippman and Davis 1997). Although the mechanisms behind this phenomenon 
are still obscure, the role of RAR-β2, one of the RA receptor, is of major interest, recently. 
The importance of RAR-β2 signals for anti cancer effects are mentioned in section 5.2 and 
5.3, and recently, the relationship between suppression of RAR-β2 expression and RA 
resistance was demonstrated in various cell lines established from cancers in the kidney, 
esophagus, lung, breast, and prostate. Importantly, when RAR-β2  cDNA is compulsorily 
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expressed using an adequate vector in cancer cells lacking RAR-β2 expression and acquiring 
RA resistance, they regain RA sensitivities (Houle et al. 1993). Furthermore, when COX-2, a 
downstream protein of RAR-β2, was reduced in esophageal cancer cells exhibiting RA 
resistance, they recovered RA sensitivity (Song et al. 2005). On the other hand, when RAR-
β2 expression was compulsorily suppressed by its antisense, lung cancer developed in mice 
(Berard et al.1996). 

In clinical cases, the reduction of RAR-β2 was observed in cancers of head and neck, 
esophagus, lung, breast, pancreas, cervix, and prostate. Interestingly, a lack of RXR-β 
expression is also observed in pre-malignant lesions in the oral cavity (Lotan et al. 1995) 
and the bronchus (Xu et al. 1999), as well as in morphologically normal cells adjacent to 
cancer cells (Widschwendter et al. 1997). It can be assumed that the alteration of RAR-β 
expression status is involved in the neoplastic transformation from normal cells, and these 
aspects are consistent with the concept of field cancerization which was mentioned in 
section 2.3. As also mentioned in section 2.3, where one of characteristic features of field 
cancerization is the accumulation of mutant p53 not only in malignant cells, but also in 
pre-malignant lesions. The reduction of RAR-β2 has been also implicated in the 
accumulation of mutant p53 in some cancers. The accumulation of p53 in pre-malignant 
lesions in the oral cavity has been shown to be correlated with RA resistance, possibly due 
to a lack of RAR−β up-regulation (Lippman et al. 1997). Moreover, immortalized 
dysplastic cells of oral mucosa have been reported to be characterized by the 
accumulation of mutation p53, induction of hTERT mRNA, and a lack of RAR-β2 and p16 
expression (McGregor et al.1997). Consequently, the same group concluded that the lack 
of RAR-β2 and p16 expression are the only essential factors for this transformation 
process among these events, at least for their model (Muntoni et al. 2003).  

Clinically, the preservation of RAR-β2 expression is associated with a higher efficacy in RA 
treatment of premalignant lesions in oral mucosa (Lotan et al. 1995), and also with a better 
prognosis in neuroblastoma cases (Cheung et al. 1998).  

The mechanisms which lie behind the reduction in RAR-β2 expression still remain obscure. 
In a lung cancer cell line lacking RAR-β2 expression, deletion of chromosome 3p, a site 
responsible for RAR-β2, was observed (Geradts et al. 1993). However, this seems to be a rare 
case. On the other hand, Lin et al. found that the orphan receptor COUP-TF was essential for 
RAR-β2 expression and the lack of COUP-TF caused a reduction in RAR-B2 expression in 
some cancers (Lin et al 2000). A recently prevailing view is that the lack of RAR-β2 is 
attributed to epigenetic mechanisms, namely the unusual methylation status of the RAR-β2 
gene, and the aberrant acetylation or phosphorylation of the histone wrapping the gene 
(Widschwendter et al. 2000, Lewis et al. 2005, Bean et al. 2005). In addition, Lefebvre et al. 
have demonstrated that an alteration of the PI3K/Akt signaling pathway is involved in the 
abnormal phosphorylation of the RAR-β2 histone, resulting in the loss of RAR-β2 expression 
in the cell (Lefebvre et al. 2006).  

Importantly, the genes of RAR-β2 and RRIG1 constituting the RAR-β2 pathway, are RA 
inducible genes. The fact that the expression of RAR-β2 is regulated by RA via PcGs is 
mentioned in section 4.2. This suggests that cellular RA levels affect the expression of RAR-
β2 levels and the status of its downstream proteins. The reduction in RAR-β2 expression has 
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been demonstrated in some tissues of rats fed with vitamin A deficient diet (Verma et al. 
1992). Moreover, Xu et al. found that intercellular RA levels were lower in premalignant 
lesions of human oral mucosa compared to normal ones (Xu et al. 1995). These observations 
support the view that an RA deficiency causes the reduction in RAR-β2 expression, which is 
closely related to carcinogenesis. (This section (5.4) was written referring to the review of Xu 
et al., 2007).  

 

RAR-b2↓ lack of orphan   
receptor

EGFR ↑ Retinoid receptor 
induced gene-1 (RRIG1) ↓

Erk1/2 phosphorylation ↑ RhoA activation ↑

COX2 ↑ Cyclin D1↑

carcinogenesis 
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accumulation 
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AP-1 ↑

gene deletion      
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epigenetic factors 

 
 

Reduction in RAR-β2 is now assumed to be closely related to carcinogenesis in some organs. In addition, 
the reduction of RAR-β2 is also implicated in the accumulation of mutant P53, which is often observed in 
some cancer cells and their premalignant regions. Multiple factors may affect RAR-β2 expression. Since 
RAR-β2 and RRIG1 are RA inducible genes, RA depletion is expected to reduce their expression, changing 
the features of their downstream proteins. A decrease in the RAR−β2 signal increases expression of EGFR, 
and phosporylation of Erk1/2, resulting in an increase in the expressions of AP-1 and COX-2. It also 
decreases the expressions of RRIG1, resulting in increases in RhoA and Cyclin D1. An increase in RohA 
also causes Erk1/2 phosphorylation and COX2 activation. These changes cause carcinogenesis. In addition, 
RhoA is implicated in the activation of f-actin formation, resulting in colony formation, proliferation, and 
invasion of cells. (modified from a figure from Xu et al. 2007)  

Fig. 6. Possible mechanisms for the development of cancer by RA depletion via a  reduction 
in RAR-β2 expression.  
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6. Structural and functional features of the in situ RA supply system in 
esophageal mucosa and its implication with the clinical aspects of 
esophageal cancer in alcoholics  
As mentioned above, RAs are produced from vitamin A (retinol) in RA target cells in situ via 
a two step oxidation process, namely retinol is oxidized to retinal, a type of aldehyde, then 
retinal is oxidized to RA, a type of acid. The structural feature of this pathway is 
fundamentally the same as that of ethanol metabolism, in which ethanol is oxidized to 
acetaldehyde, a type of aldehyde, then acetaldehyde is oxidized to acetate, a type of acid. It 
is well established that the former pathway comprises retinol dehydrogenase (RDH) and 
retinal dehydrogenase (RalDH), and the latter alcohol dehydrogenase (ADH) and 
aldehydedehydrogenase (ALDH).  

6.1 Cloning of cDNA and gene of ADH7  

Notably, there are several enzymes that have affinity for both retinol and ethanol or retinal 
and acetaldehyde and contribute to their oxidations such as human ADH 7, corresponding 
to Class IV ADH in rat. A study on the interaction between the metabolism of retinol and 
ethanol was opened by the findings of the existence of such enzymes. We cloned the cDNA 
(Yokoyama et al. 1994) of human ADH7 from a human gastric cDNA library and showed 
that it had 72% homology to human ADH1, a major ADH, on the cDNA level. We also 
cloned its gene and demonstrated that it was localized at 4q23-24 of the human genome, i.e. 
the ADH cluster (Yokoyama et al. 1996). These observations support the view that the 
enzyme is a member of the ADH family. We also found that the mRNA of ADH7 was 
exclusively expressed in human gastric mucosa among organs examined at that time 
(Yokoyama et al. 1995a). At present, ADH7 is known to be generally expressed in human 
upper digestive organs (Yin et al. 1993). We also reported SNP of ADH7 at exon 7 
(Yokoyama et al. 1995b), however, its significance is still unknown. Recently, SNP at codon 
92 of ADH7 cDNA (glycine/alanine change rs1573496) has been implicated in a higher 
incidence of head and neck cancer (Hashibe et al. 2008).  

6.2 RA supply from vitamin A in the gastrointestinal tract 

To know the significance of ADH7, we examined retinol metabolism in the esophagus and 
stomach using a high pressure liquid chromatography (HPLC) system by which 3 isoforms, 
i.e. all-trans, 9-sis and 13-cis of retinol, retinal, and RA were simultaneously quantified 
(Yokoyama et al. 2000). Subsequently, we established a new HPLC condition to quantify 
these isoforms more precisely (Miyagi et al. 2001, Figure 7). Using this technique, we 
demonstrated that RA could be produced when specimens of rat esophageal mucosa (Crabb 
et al. 2001) and human gastric mucosa (Yokoyama et al. 2001) were incubated with all-trans 
retinol in the presence of NAD. These pathways were designated as NAD-dependent in situ 
RA supply systems. Levels of RA production from retinol were shown to be dependent on 
ADH7 activities in human gastric mucosa (Matsumoto et al. 2001). We also demonstrated 
that Helicobacter pylori infection decreased the levels of ADH7 activities as well as the 
activity levels were inversely associated with the severity of morphological changes in the 
mucosa (Matsumoto et al. 2005).  
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6.3 Feature of an NAD dependent in situ RA supply system in rat esophageal mucosa 

As ADH7, an NAD-dependent enzyme, is expressed in esophageal mucosa and has 
affinity to retinol, the enzyme is expected to contribute to the first step of an NAD-
dependent in situ RA supply system in esophageal mucosa. Since ADH7 also has affinity 
to ethanol, it is postulated that ethanol can hamper the system in a competitive manner. 
When specimens of esophageal mucosa prepared from normal rats were incubated with 
retinol in the presence of NAD and various concentrations of ethanol, ethanol of 1 M or 
more was shown to attenuate RA production in the condition (Shiraishi-Yokoyama et al., 
2003). The ethanol concentration which hampered the RA supply was comparable to the 
established Km value for ethanol of rat Class IV ADH, i.e. at a molar level (Allali-Hassani 
et al., 1996), RA production was thought to be competitively disturbed in the model 
(Shiraishi-Yokoyama et al., 2003).  

 
(1) 13-cis retinal, (2) 9-cis retinal, (3) all-trans retinal, (4) 13-cis RA, (5) 9-cis RA, (6) all-trans RA, (7) 
internal-standard, (8) 13-cis retinol, (9) all-trans retinol (10) all-trans 4-oxo RA, (11) 9-cis 4-oxo RA, (12) 
13-cis 4-oxo RA. Various retinoid isoforms were successfully separated using a HPLC technique 
established in our laboratory. It allowed us to quantify them up to 2.5 ng/ml. The details are described 
in the article of Miyagi et al. 2001.   

Fig. 7. Simultaneous quantification of various retinoids by a HPLC technique.  

Using a similar experimental design, we also found that acetaldehyde of 50 μM  and more 
hampered RA production from retinal in the esophageal mucosa of the rat, suggesting that an 
enzyme having affinity to both acetaldehyde and retinal participates in the second step of the 
NAD dependent in situ RA supply system in esophageal mucosa (Shiraishi-Yokoyama et al. 
2006). One of the candidates having such characteristics was ALDH1A1, and this assumption 
was supported by our observation  that the acetaldehyde concentration that hampered RA 
supply in the model was comparable to the reported Km value for acetaldehyde of rat 
ALDH1A1, i.e. 30 μM (Crabb et al., 2004). This also supports the view that RA production was 
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competitively disturbed by acetaldehyde. The finding that catalytic activity for all-trans retinal 
of rat esophageal mucosa was 5.3 μM/min, which  was consistent with that of rat ALDH 1A1 
for all-trans retinal, i.e, 0.6-10 μM (Kathmann et al., 2000; Montplaisir et al., 2002), also 
suggested that RA production in the model was due to ALDH1A1.  

We recently demonstrated that predominant ADHs in rat esophageal mucosa were Class I, 
III, and IV ADHs in mRNA levels (Yokoyama et al. 2010), which agreed with the expression 
pattern of ADHs in rat esophageal mucosa as examined in protein levels (Vaglenova et al. 
2003). As Class IV ADH exhibits the highest affinity for retinol among these ADHs (Moreno 
and Pares, 1991), the view that Class IV ADH is involved in the NAD-dependent in situ RA 
supply system in rat esophageal mucosa is plausible. Moreover, we also demonstrated that 
the predominant ALDHs in rat esophageal mucosa were ALDH 1A1 and 3A1 in mRNA 
levels (Yokoyama et al. 2010). Since ALDH1A1 has the potential for catalyzing retinal to RA, 
whereas ALDH3A1 has no affinity for retinal (Yoshida et al., 1992, Bhat et al., 1996, Moore et 
al., 1998), this finding is compatible with the view that ALDH1A1 constitutes the NAD-
dependent in situ RA supply system in rat esophageal mucosa.  

We also confirmed that the expression levels of mRNA of both Class IV ADHs and ALDH 
1A1 in the mucosal-layer of the rat esophagus were significantly higher than those in its 
muscle-layer (Yokoyama et al. 2010). Similar observations for Class IV ADH in the 
esophagus (Haselback and Duester, 1997, Vaglenova et al., 2003) and ALDH1A1 in the 
alveolar wall (Hind M et al., 2002) were reported. It is likely that the NAD-dependent RA 
supply system predominantly exists in the mucosal-layer, compared to the muscle-layer, in 
the rat esophagus and is supposed by the fact that a large quantity of RA is required in the 
epidermis compared to muscle (Randolph and Siegenthaler, 1999).  

6.4 An NAD dependent in situ RA supply system in human esophageal mucosa  

Since the expression pattern of isoforms of ADHs and ALDHs in human esophageal 
mucosa (Yin et al. 2003) is identical to that of the rat, it is postulated that an NAD-
dependent in situ RA supply system whose structural feature is similar to that of rat 
esophageal mucosa exists in human esophageal mucosa, and responsible enzymes for the 
pathway are expected as ADH7 and ALDH1A, corresponding to rat Class IV ADH and 
ALDH1A1, respectively. When it is premised on this assumption, various clinical 
characteristics of esophageal cancers seen in alcoholics can be explained fairly 
satisfactorily.  

The Km value for ethanol of human ADH7 is 25mM (Kedishvili et al., 1995), markedly 
different from that of rat Class IV ADH. Since this ethanol level habitually appears in 
alcoholics, the first step of the NAD-dependent in situ RA supply system in the human 
esophagus could be hampered, causing a reduction in RA supply in them. It is of interest to 
know the effect of above mentioned ADH7 SNP rs1573496, which is implicated in the higher 
incidence of head and neck cancer (Hashibe et al. 2008), on RA supply. On the other hand, 
the Km value for acetaldehyde of human ALDH1 is 41 μM (Kathmann et al., 2000), 
comparable to that of rat ALDH1A1. Importantly, acetaldehyde of such a level actually 
appears in alcoholics with the ALDH 2*2 allele. This suggests that the second step of the 
NAD-dependent in situ RA supply system in the human esophagus is further hampered in 
such subjects (Figure 8).  
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Retinol                                         Ethanol 

ADH 7     Km for Ethanol =25 mM 

Retinal                                     Acetaldehyde 

ALDH1   Km for acetaldehyde = 41 μM 

Retinoic acid                                     Acetate   
The in situ RA supply system in human esophageal mucosa may comprise ADH7 and ALDH1. Since 
they also have affinity for ethnaol and acetaldehyde, respectively, the system may also participate in 
ethanol metabolism. Considering their Km values for ethanol and acetaldehyde, when esophagus is 
exposed to ethanol at a concentration of more than 25 mM, and acetaldehyde at a concentration of more 
than 41 μM, which can occur in alcoholics and in alcoholics with the ALDH2*2 allele, respectively, RA 
supply from retinol is hampered, resulting in the development of a RA deficiency. Importantly, 
multiple lines of evidence suggest that a RA deficiency causes carcinogenesis.  

Fig. 8. Metabolism of retinol and ethanol via the in situ RA supply system in human 
esophageal mucosa.  

6.5 Features of the in situ RA supply system in esophageal mucosa and clinical 
aspects of esophageal cancers related to ethanol consumption 

In this chapter, the relationship between RA and carcinogenesis is summarized and we refer 
to the possibility that an intracellular RA deficiency leads to  carcinogenesis. On the other 
hand, our observations that an NAD dependent in situ RA supply system comprising Class 
IV ADH and ALDH1A1 exists and ethanol metabolism hampers RA supply in rat 
esophageal mucosa are introduced. Moreover, we mention the plausibility that human 
esophageal mucosa also has a similar system comprising ADH7 and ALDH1A. 
Incorporating these views, our hypothesis is that RA supply in esophageal mucosa is 
hampered by excessive ethanol consumption and this is a causative factor in the 
development of esophageal cancer in alcoholics. In this section, whether this hypothesis can 
fit with the clinical characteristics of esophageal cancer in alcoholics is discussed.  

6.5.1 The in situ RA supply system and organ specificities in cancers related to 
ethanol consumption 

As mentioned in section 2.1, there are organ specificities in cancers related to ethanol 
consumption. The present hypothesis suggests that the in situ RA supply system in 
esophageal mucosa comprises ADH7 and ALDH1A, and ethanol metabolism hampers these 
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enzymes, resulting in a compromised intracellular RA level and the development of 
malignancy. It must be noted that this hypothesis can be applied to organs comprising RA 
target cells but not to those comprising non RA target cells. Moreover, several enzymes 
which have affinities for retinol and/or retinal but not for ethanol and/or acetaldehyde, 
such as families of p450, RDH, and retinal dehydrogenase (Lee et al. ,1991; Drager et al., 
1998) has been identified. The present hypothesis can be neither applied to organs of which 
in situ RA supply systems comprise such enzymes since ethanol metabolism does not 
disturb RA supply in them. Thus, organ specificity of the structural feature of the in situ RA 
supply system may, at least in part, account for the organ specific susceptibilities to 
malignancy caused by ethanol consumption.  

6.5.2 The in situ RA supply system and genetic variations in cancers related to 
ethanol consumption 

In section 6.4, we discussed the possibility that ethanol and acetaldehyde of physiological 
concentrations may hamper the NAD-dependent in situ RA supply system in the human 
esophagus. This indicates that ethanol hampers RA supply via this system and 
acetaldehyde further affects it. This schema is compatible with the clinical feature that 
prevalence of esophageal cancer increases in alcoholics and is even higher in alcoholics 
carrying ALDH2*2 allele (Yokoyama et al. 1996), as described in section 2.2. A recently 
prevailing explanation as to how acetaldehyde causes esophageal cancer is that 
acetaldehyde binds to DNA and/or chromatin, forming an acetaldehyde adduct, thereby 
altering their functions (Yu et al. 2011). However, no distinct difference has been 
confirmed between esophageal cancers which develop in alcoholics with or without 
acetaldehyde accumulation, namely in those with or without the ALDH2*2 allele, 
suggesting that the esophageal cancers which develop in both types of alcoholics have a 
common pathogenesis. Thus, the hypothesis that both ethanol and acetaldehyde hamper 
the in situ RA supply system, causing carcinogenesis, is easier to accept than that a 
specific effect of acetaldehyde causes carcinogenesis.  

6.5.3 The in situ RA supply system and field cancerization in cancer related to ethanol 
consumption  

As emphasized in section 5.4, the reduction in RAR-β2 gene expression has been  shown to 
be related to carcinogenesis in various organs, including the esophagus. Furthermore, as 
mentioned in section 4 and 5, RA deficiency may cause this reduction in RAR-β2 expression. 
Interestingly, a significant overlap is observed between cancers related to a lack of RAR-β2 
expression and those related to excessive alcohol consumption, as recognized by IARC 
(Table 1). This overlap is consistent with the present hypothesis that ethanol consumption 
disturbs the in situ RA supply system, resulting in the reduction of RAR-β2 expression and 
carcinogenesis. As mentioned in section 2.3, some types of cancers in the esophagus develop 
via field cancerization. One of the distinct features of the field  cancerization is the 
accumulation of mutant p53 not only in cancer cells, but also pre-malignant lesions. Such 
features were recently demonstrated in the esophageal mucosa of alcoholics (Yokoyama et 
al. 2011). As mentioned in section 5.4, the lack of RAR-β2 expression has been implicated in 
the development of field cancerization as well as in p53 accumulation.  
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Cancers related to RAR−β2 suppresion 
(from statements of Xu et al. 2007) 

Cancers related to alcohol consumption 
(from statements of Bann et al. 2007) 

 Oral cavity   Oral cavity  
 Head and neck   Head and neck  
 Esophagus   Esophagus  
 Brest   Brest  
 Lung   
 Pancreas   
 Prostate  
  Liver  
  Colon and rectum  

Table 1. Cancers related to RAR-β2 suppression and alcohol consumption.  

6.5.4 The in situ RA supply system and strain difference in susceptibility to ethanol 
with respect to carcinogenesis  

As mentioned in section 2.4, thus far, there are limited animal models in which cancers were 
produced by ethanol administration alone. Although Soffritti et al. could produce multiple 
cancers in rats by ethanol administration for long periods (Soffritti et al. 2002), there was 
limited development of esophageal cancer in their model. Since the Km value for ethanol of 
rat Class IV ADH is a  non-physiological level and accumulation of acetaldehyde does not 
usually occur in rats, it is expected that ethanol consumption does not hamper the in situ RA 
supply system in the esophageal mucosa of the rat and this can explain why ethanol alone 
does not produce esophageal cancer in their model. The structural feature of the in situ RA 
supply system may also account for the strain difference in susceptibility to ethanol with 
respect to carcinogenesis.  

7. Conclusion  
There is much evidence to show that reduction of RAs is associated with the development of 
malignancy. Most cancers must develop via multiple processes including genetic alterations, 
dysregulation of cell growth, differentiation, cell function, and cell loss, and change of cell 
phenotype, and RAs are involved in all these events. Furthermore, the reduction of RAs 
may down-regulate immune mechanisms against malignant cells. Among the multiple 
effects of RA, the relationship between the reduction of signals via RAR−β2, one of the RA 
receptors, and carcinogenesis is of major interest lately. The current observations suggest 
that RA deficiency may reduce the expression of RAR-β2.  

In mammals, RA is synthesized from retinol, a type of alcohol, ingested from food. 
Recently, it has become clear that RA can be synthesized from retinol, which is delivered 
by blood vessels, via a two step oxidation pathway in a RA target cell. We recently 
demonstrated that such a pathway which can produce RA from retinol in an NAD 
dependent manner exists in rat esophageal mucosa, and designated it as an NAD 
dependent in situ RA supply system. Furthermore, we demonstrated that the pathway 
comprised Class IV ADH and ALDH1A1 and was hampered by ethanol, a substance of 
the former as well as by acetaldehyde, that of the latter. Considering the expression 



The Interaction Between the Metabolism of Retinol and Ethanol in  
Esophageal Mucosa – A Possible Mechanism of Esophageal Cancer in Alcoholics 

 

119 

patterns of ADH and ALDH in the human and rat esophagus, it is fully plausible that a 
similar pathway, one comprising ADH7 and ALDH1A exists in human esophageal 
mucosa. Since their Km values for ethanol and acetaldehyde are at physiological 
concentrations, we hypothesized that the metabolism of excessive  ethanol consumption 
disturbs the pathway, resulting in a deficiency in RA, and the development of malignancy 
in esophageal mucosa. This hypothesis can account for clinical characteristics of cancers in 
alcoholics, including organ specificity, genetic specificity, and strain specificity. Moreover, 
this hypothesis is also compatible with the fact that esophageal cancer develops in a field 
cancerization manner in alcoholics. Further studies based on this hypothesis may be 
beneficial for understanding the pathogenesis of esophageal cancer seen in alcoholics, 
which must be important for having strategies of its prevention, diagnosis and treatment.  
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1. Introduction 
Esophageal Cancer (EC) is among upper digestive tract cancers and mainly prevalent in 
developing and underdeveloped countries. There are about 460,000 new cases of EC 
annually (World Cancer Research Fund & American Institute for Cancer Research [WRCF], 
2007). The etiology of EC is complex, including heredity, environment and food factors, etc. 
The scientific community is convinced that both genetic and environmental factors play 
important role in EC’s carcinogenesis. Although, inherited high susceptibility to EC 
accounts for part proportion of cases, exogenous exposures are also important for causing 
this disease. A number of studies have suggested that dietary factors are significant to the 
development of EC (De Stefani et al., 2006; Engel et al., 2003; Hung et al., 2004). And there is 
evidence that different varieties of food and nutrients could play a role in protecting against 
this disease (Chen et al., 2002; Liaw et al., 2003). In this chapter, evidence of food and 
nutrients on EC has been collected, and provide advices for the prevention of EC. 

2. Meta-analysis of nutrients and EC 
Meta-analysis has been a useful tool for providing combine quantitatively the evidence from 
different studies on specific research questions (Tatsionia & Ioannidis, 2008). In order to 
summarize the relationship between nutrients and risk of EC, we did meta-analysis of the 
relationship between dietary factors and occurrence of EC.  

2.1 Vegetables and fruits  

Vegetables and fruits are sources of a wide variety of micronutrients and are rich in 
antioxidant substances, among them, β-carotene and vitamin C have been shown to play 
protective role in the occurrence and development of EC (Michels et al., 2005; Terry et al., 
2000). As we all known, vegetables and fruits also contain dietary fiber and other bioactive 
compounds, which are termed as phytochemicals (Soler et al., 2001). They can play 
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important role in the functions of the plant, such as providing flavour, color, or supporting 
protection (WCRF, 2007). The phytochemicals include many varieties such as flavonoids, 
isoflavones, glucosinolates and so on, but they are not essential in the human diet (WCRF, 
2007). Many researches either in humans or in laboratory experiments have shown that most 
of the bioactive compounds have potentially beneficial health effects when they are included 
in diets (Franceschi et al., 2000; Freedman et al., 2007). However, the bioavailability of these 
compounds is variable and their ultimate heath effects are needed to study further. 

The average vegetable consumption (not including vegetable oil) of global population is 2.6 
percent of total daily energy intake (Food and Agriculture Organization of the United 
Nations, [FAOSTAT], 2006). It is generally high in North Africa, the Middle East, parts of 
Asia, the USA and Cuba, and in southern Europe. The global average for fruit consumption 
(based on availability) is 2.7 percent of total daily energy intake (FAOSTAT, 2006). Fruit 
consumption is generally higher than vegetable consumption, but it shows a great 
variability in different areas. 

The case-control or cohort studies from 1995 to 2011 on vegetables, fruits and EC have been 
collected with searching tools such as Web of Science, PubMed. The keywords were 
“esophageal cancer”, “diet”, “nutrients”, “vegetables” and “fruit” , and selected odds ratio 
(OR) as effect index. All the relevant studies have been identified. The heterogeneity test, a 
fixed effect model or random effect model has been selected to calculate the combined OR 
and OR 95% confidence interval (95%CI). The software of Stata 11.0 has been used for the 
meta-analysis. 

 
Fig. 1. Forest plot of vegetables and EC, case-control study. The rhombus is stand for the 
combined OR, and the OR is calculated by highest versus lowest exposure category of 
vegetables intake. 

23 case-control studies and only three cohort studies (Fan et al., 2008; Tran et al., 2005; 
Zheng et al., 1995) have investigated relation between vegetables and EC, among them, 16 
case-control studies have shown decreased risk with increased vegetables intake, which 
were statistically significant. Only one case-control study has shown an increased risk 
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(OR=1.54, OR 95%CI: 1.10-2.16) (Takezaki et al., 2001), and six case-control studies were 
non-significant difference (Bosetti et al., 2000; Chen et al., 2002; Cheng et al., 2000; Zhang et 
al., 1997; Wu et al., 2003; Yang et al., 2005). The data of studies have suggested an association 
with reduced risk when increased vegetables intake. According to the different exposures 
which have been collected from the studies, the OR has been analyzed for two parts, one 
was the highest versus lowest exposure category, and the other was consumption frequently 
versus consumption occasionally or less category. The combined OR and OR 95%CI for 
case-control studies of vegetables and EC were 0.50, 0.42-0.59 (figures 1) and 0.66, 0.61-0.72 
(figures 2). The evidence of cohort studies for vegetables and EC has not been enough. 
Among the three cohort studies, one of which has described association between vegetables 
and esophageal squamous cell carcinoma (ESCC), esophageal adenocarcinoma (EAC) 
respectively. The relative risk (RR) and RR 95%CI for ESCC were 0.57, 0.28-1.18 and they 
were 0.92, 0.57-1.50 for EAC, but both were non-significant statistically (Freedman et al., 
2007). The other two cohort studies were also non-significant difference (Fan et al., 2008; 
Tran et al., 2005). All the studies have been adjusted for confounding factors. 

 
Fig. 2. Forest plot of total vegetables and EC, case-control study. The rhombus is stand for 
the combined OR, and the OR is calculated by eating frequently versus eating occasionally 
or less category, the individuals who eat vegetables ≥1 time/d versus those who eat ＜1 
time/ d. 

24 case-control studies have investigated association between fruits and EC, 14 of which 
have shown relationship between fresh fruits consumption and reduced risk of EC (Bosetti 
et al., 2000; Castellsague et al., 2000; Chen et al., 2009; Cheng et al., 2000; De Stefani et al., 
1999; De Stefani et al., 2000; De Stefani et al., 2005; Hung et al., 2004; Sun et al., 2003; 
Takezaki et al., 2000; Terry et al., 2001; Wang et al., 1999; Wu et al., 2003; Yang et al., 2005), 
with the other 10 studies reporting results of non-significant difference (Gao et al., 1999; 
Launoy et al., 1998; Nayar et al., 2000; Phukan et al., 2001; Sharp et al., 2001; Takezaki et al., 
2000; Takezaki et al., 2001; Tzonou et al., 1996; Wu et al., 2003; Zhang et al., 1997). Four 
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cohort studies have shown data on the fresh fruits and EC, RR of the two studies have 
suggested that fresh fruits intake strongly associated with decreased risk of EC (Fan et al., 
2008; Tran et al., 2005). Another one cohort study has shown no relationship between fruits 
and EC (Zheng et al., 1995). Also one study has found a significant inverse association 
between total fruits and vegetables intake and ESCC risk (RR: 0.78, 95%CI: 0.67-0.91), but 
not EAC risk (0.98, 0.90-1.08) (Freeman et al., 2007). The combined OR and OR 95%CI 
(highest versus lowest exposure category) of case-control studies for fruits and EC were 
0.57, 0.49-0.66 (figure 3). And the combined OR and OR 95%CI (eating frequently versus 
eating occasionally or less category) of case-control studies for fruits and EC were 0.60, 0.55-
0.66 (figure 4). 

 
Fig. 3. Forest plot of fruit and EC, case-control study. The rhombus is stand for the combined 
OR, and the OR is calculated by highest versus against lowest exposure category of fruit 
intake. 

Three case-control studies have investigated vegetables and fruits combined consumption 
and EC (De Stefani et al., 2000; De Stefani et al., 2005; Zhang et al., 1997). All the data of 
studies have suggested an association with reduced risk. The results of meta-analysis for the 
relationship between vegetables, fruits and EC have shown that they could probably protect 
people from EC. 

2.2 Vitamin A  

Vitamins are organic molecules, and classified as fat- or water-soluble, which are essential 
for metabolism but cannot be made in the body. Most vitamins must be supplied from the 
diet. Vitamin A is a fat-soluble vitamin and can only be digested, absorbed, and transported 
in conjunction with dietary fats. An important source of vitamin A is from plant foods such 
as green leafy vegetables and fruits that contain the retinol precursors known as carotenoids,  



 
Study on the Dietary Factors of Esophageal Cancer 

 

131 

 
Fig. 4. Forest plot of total fruit and EC, case-control study. The rhombus is stand for the 
combined OR, and the OR is calculated by eating frequently versus eating occasionally or 
less category, the individuals who eat fruit ≥1 time/d versus those who eat ＜1 time/ d. 

most importantly β-carotene, which can be converted by the body to retinol, and sometimes 
are called pro-vitamin A carotenoids. Other sources of vitamin A are from animal foods 
such as liver, milk and eggs, which can be used by the body directly (WCRF, 2007). Some 
studies have suggested that vitamin A could play a crucial role in protecting damaged 
epithelial cells against attack by carcinogens, and esophageal epithelial cells are more 
sensitive to the deficiency in vitamin A (Poulain et al., 2009).  

The meta-analysis has been made respectively for relationship between vitamin A, β-
carotene of diet and EC. The case-control or cohort studies from 1995 to 2011 on vitamin A 
and EC have been collected with searching tools such as Web of Science, PubMed. The 
keywords were “esophageal cancer”, “diet”, “nutrients”, “vitamin A”, “beta- carotene”, and 
selected OR as effect index. Then the method of next step was the same as which has been 
used for vegetables and EC. 

A total of eight case-control studies (Bollschweiler et al., 2002; Chen et al., 2002; De Stefani et 
al., 1999; Franceschi et al., 2000; Mayne et al., 2001; Terry et al., 2000; Tzonou et al., 1996; 
Zhang et al., 1997) and one eligible cohort study (Zheng et al., 1995) have investigated 
vitamin A, retinol and β-carotene of diet, also two cohort studies have investigated retinol 
and β-carotene in serum (Abnet et al., 2003; Nomura et al., 1997). The evidence for vitamin A 
and EC was limited; since there have been only three eligible studies before 2001 (De Stefani 
et al., 1999; Mayne et al., 2001; Tzonou et al., 1996). The combined OR and 95%CI for it were 
0.66, 0.49-0.89 (figure 5). Five case-control studies have published data on the β-carotene of 
diet and EC, and only two eligible studies have shown decreased risk when comparing the 
highest intake group against the lowest of vitamin A intake. The combined OR and OR 
95%CI of meta-analysis were 0.66, 0.54-0.81 (figure 6). A decreased risk associated with high 
retinol and β-carotene intake were also consistent findings in several studies on EC. The 
result of meta-analysis has suggested of food containing vitamin A may protect body 
against EC and need further study. 
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Fig. 5. Forest plot of total vitamin A and EC, case-control study. The rhombus is stand for 
the combined OR, and the OR is calculated by the 75th percentile versus the 25th percentile 
of vitamin A intake. 

 
Fig. 6. Forest plot of β-carotene and EC, case-control study. The rhombus is stand for the 
combined OR, and the OR is calculated by highest versus lowest exposure category of β-
carotene intake. 

2.3 Folic acid 

Folic acid is one of B vitamins which is water-soluble, and is equivalent of pteroylglutamic 
acid. The main sources of folic acid are lettuce, spinach and tangerine etc vegetables and fruits 
(WCRF, 2007). Folic acid is involved in a number of metabolic pathways, especially in the 
synthesis of purines and pyrimidines (Tan et al., 2005). A few studies have suggested that folic 
acid is important for DNA synthesis and methylation (Axumea et al., 2007; Kima et al., 2009). 
But limited evidence has supported high folic acid intake may reduce risks of EC overall. 

The case-control or cohort studies from 1995 to 2011 on folic acid and EC also have been 
collected with searching tools such as Web of Science, PubMed. The keywords were 
“esophageal cancer”, “diet”, “nutrients”, “folic acid”, and selected OR as effect index. Then 
the method of next step was the same as which has been used for vegetables and EC. 
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Fig. 7. Forest plot of folic acid and EC, case-control study. The rhombus is stand for the 
combined OR, and the OR is calculated by highest versus lowest exposure category of folic 
acid. 

A total of eight case-control studies have evaluated the relationship between intake of folic 
acid from foods and supplements and risk of EC (Aune et al., 2011; Chen et al., 2002; De 
Stefani et al., 1999; Franceschi et al., 2000; Galeone et al., 2006; Ibiebele et al., 2010; Mayne et 
al., 2001; Zhang et al., 1997). Of which two case-control studies have reported that dietary 
folic acid could decrease risk of EC in the highest intake groups when compared to the 
lowest (Aune et al., 2011; Ibiebele et al., 2010). Only one eligible case-control study has 
analyzed thymidylate synthase genotype and serum folic acid concentration in patients with 
ESCC and controls (Tan et al., 2005). The data of meta-analysis have shown that the 
combined OR was 0.66, and 95%CI was 0.55-0.79 when analyzed the highest versus lowest 
exposure of folic acid and EC (figure 7). Our result has indicated that folic acid could protect 
individuals against EC, but still need collect data of further research in population. 

2.4 Vitamin C 

It is generally that plant foods are important sources of vitamin C. Non-starch vegetables and 
fruits are rich in vitamin C, which can be directly absorbed by the body. But vitamin C in the 
foods can be destroyed by heat or exposure to the air, or lost by leaching during cooking 
(WCRF, 2007). It is biologically demonstrated that vitamin C could protect against EC because 
it can trap free radicals and reactive oxygen molecules, protecting from lipid peroxidation, 
reducing nitrates, and stimulating the immune system (Odin, 1997). Moreover, it can recycle 
other antioxidant vitamins. Many studies have shown that vitamin C could inhibit formation 
of carcinogens and protect DNA from mutagenic attack (Hercberg et al., 1998). However, 
evidence supporting a specific mechanism in the esophagus is limited. 

The case-control or cohort studies from 1995 to 2011 on vitamin C and EC have been 
collected with searching tools such as Web of Science, PubMed. The keywords were 
“esophageal cancer”, “diet”, “nutrients”, “vitamin C”, and selected OR as effect index. Then 
the method of next step was the same as which has been used for vegetables and EC. 

Totally, ten case-control (Chen et al., 2002; De Stefani et al., 1999; De Stefani et al., 2000; 
Franceschi et al., 2000; Kubo et al., 2008; Launoy et al., 1998; Mayne et al., 2001; Terry et al., 
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2000; Tzonou et al., 1996; Zhang et al., 1997) and one eligible cohort studies (Zheng et al., 
1995) have investigated the relationship between vitamin C of diet and EC. Most of the 
researches except one (Zhang et al., 1997) have published that a strongly association 
between high intake of vitamin C and deceased risk of EC. The single eligible cohort study 
has reported a non-significant reduced risk for the highest intake groups when compared to 
the lowest after adjustment for smoking, with OR of 0.70 (95%CI: 0.30–1.70). The combined 
OR and 95%CI of the 75th percentile intake versus the 25th percentile of vitamin C intake 
were 0.57, 0.52-0.63 (figure 8). Another combined OR and 95%CI (highest versus lowest 
exposure category) were 0.66, 0.55-0.79 (figure 9). The results of meta-analysis have 
suggested vitamin C could probably have an effect of prevention of EC. 

 
Fig. 8. Forest plot of total vitamin C and EC, case-control study. The rhombus is stand for 
the combined OR, and the OR is calculated by the 75th percentile versus the 25th percentile 
of vitamin C intake. 

 
Fig. 9. Forest plot of vitamin C and EC, case-control study. The rhombus is stand for the 
combined OR, and the OR is calculated by highest versus lowest exposure category of 
vitamin C intake. 
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2.5 Vitamin D 

Vitamin D is fat-soluble of vitamins, which is a sort of substances showing the biological 
activity of ergocalciferol (vitamin D2) and cholecalciferol (vitamin D3), and 1,25-(OH)2D3 is 
the main active form of vitamin D (Reddy et al., 2006). The seafood and liver of animals are 
rich in vitamin D. Experimental researches have shown that 1,25-(OH)2D3 could inhibit the 
proliferation of EC cell EC-9706, and it is important for prevention and treatment of EC (He 
et al., 2009). The anti-tumor mechanism of 1,25-(OH)2D3 may be that it could primarily 
inhibit cycle progression of tumor cells, causing G1 phase of tumor cells arrest, the cell 
number of S phase was decreased, and accumulation of G0/G1 phase, so that inducing the 
differentiation and maturity of tumor cells (He et al., 2009) . But there have been not enough 
evidence to demonstrate the association between vitamin D and EC. Only three eligible 
case-control studies have investigated the relationship between diet of vitamin D and EC 
(Franceschi et al., 2000; Launoy et al., 1998; Mayne et al., 2001). Among them, all the results 
have shown the decreased risk when appropriate intake of vitamin D, but two of which 
were non-significant difference.  

2.6 Vitamin E 

Vitamin E is a family of eight compounds collectively referred as tocopherols, of which 
alpha- and gamma-tocopherol are the most common. Vitamin E is a fat-soluble vitamin. The 
most important dietary sources of vitamin E are vegetable oils such as soya bean, corn, olive 
oils, sunflower, and palm. Nuts, sunflower seeds, and wheat germ also contain this vitamin. 
Vitamin E can act as antioxidants and free radical scavengers (WCRF, 2007). However, few 
studies have supported it has an anti-cancer effect of esophagus.  

The case-control or cohort studies from 1995 to 2011 on vitamin E and EC also have been 
collected with searching tools such as Web of Science, PubMed. The keywords were 
“esophageal cancer”, “diet”, “nutrients”, “vitamin E”, and selected OR as effect index. Then 
the method of next step was the same as which has been used for vegetables and EC. 

Nine case-control studies (Bollschweiler et al., 2002; Chen et al., 2002; De Stefani et al., 1999; 
De Stefani et al., 2000; Franceschi et al., 2000; Kubo et al., 2008; Launoy et al., 1998; Mayne et 
al., 2001; Zhang et al., 1997) and one cohort study (Zheng et al., 1995) have shown the 
relationship between dietary vitamin E and EC, and two cohort studies have investigated 
the role of serum vitamin E (Nomura et al., 1997; Taylor et al., 2003). Six case-control studies 
have reported decreased risk for the highest intake groups when compared to the lowest, 
which was statistically significant in four, the other studies have reported no effect on EC 
risk (figure 10). The cohort studies and most case-control studies have shown decreased risk 
with increased vitamin E intake, but case-control data about serum vitamin E were 
inconsistent. Both cohort studies have shown decreased risk for the highest level groups of 
vitamin E intake when compared to the lowest. The combined OR and OR 95%CI of the 75th 
percentile versus the 25th percentile of vitamin E intake were 0.53, 0.46-0.63 (figure 11). 

2.7 Tea 

Currently, tea, in the form of green, black or oolong tea, is the most widely consumed 
beverage in the world. The main active component of tea is polyphenol. In vitro and animal  
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Fig. 10. Forest plot of vitamin E and EC, case-control study. The rhombus is stand for the 
combined OR, and the OR is calculated by highest versus lowest exposure category of 
vitamin E intake. 

 
Fig. 11. Forest plot of total vitamin E and EC, case-control study. The rhombus is stand for 
the combined OR, and the OR is calculated by the 75th percentile versus the 25th percentile 
of vitamin E intake. 

studies have provided strong evidence that polyphenol derived from tea may possess the 
bioactivity to affect the pathogenesis of different cancers (Khan & Mukhtar, 2007). The 
association between drinking different tea and risk of EC have been reported in several 
studies from different parts of the world (Castellsague et al., 2000; Ganesh et al., 2009; 
Ibiebele et al., 2010; Li et al., 2002). But for different kinds of tea, there has been still little 
evidence for an association between amount of use and EC risk. Moreover, the majority of 
studies have shown an increased risk of EC associated with drinking higher temperature tea 
which was statistically significant in most of them (Wang et al., 2007; Lin et al., 2010).  

The case-control or cohort studies from 1995 to 2011 on tea and EC have been collected with 
searching tools such as Web of Science, PubMed, China National Knowledge Infrastructure. 
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The keywords were “esophageal cancer”, “tea”, “green tea”, “black tea”, “maté” and 
selected OR as effect index. Then the method of next step was the same as which has been 
used for vegetables and EC. 

 
 

Fig. 12. Forest plot of tea and EC, case-control study. The rhombus is stand for the combined 
OR, and the OR is calculated by drinking frequently versus drinking occasionally or less 
category of tea. 

A total of 21 case-control studies have published the tea and EC (figure 12). 14 studies have 
shown decreased EC risk when comparing drinking frequently against drinking 
occasionally or less category, nine of which the OR were statistically significant (Chen et al., 
2009; Li et al., 2010; Lu et al., 20000; Peng et al., 2005; Wang et al., 2008; Xie et al., 2005; 
Zhang et al., 2000; Zhao et al., 2005; Zhu et al., 2009), but five studies were not statistically 
significant (Castellsague et al., 2000; Guo et al., 2010; Tavani et al., 2003; Yang et al., 2005; Li, 
2008). Another six studies have suggested increased risk of EC with high tea drinking (Gao 
et al., 2009; Mou et al., 2008; Sharp et al., 2001; Ibiebele et al., 2010; Yang et al., 2009).  
However, only one eligible study has shown the OR for drinking tea and EC was 4.0, 95%CI 
was 2.0-8.3 in Indian population (Ganesh et al., 2009). The combined OR and OR 95%CI 
(drinking frequently versus drinking occasionally or less category) of case-control studies 
for EC were 0.786, 0.713-0.866. The results have suggested that drinking tea could probably 
protect body against EC. 

2.7.1 Green tea 

Green tea is favored in Japan and China, and majority of studies researched on the benefits 
of green tea were carried out in these countries because of the local customs. The processing 
of green tea is different from black tea. When producing green tea, freshly harvested leaves 
are steamed to prevent fermentation, yielding a dry, stable product (WCRF, 2007). Tea 
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polyphenols, which are known as catechins, usually account for 30-42% of the dry weight of 
green tea (Khan & Mukhtar, 2007). 

 
Fig. 13. Forest plot of green tea and EC, case-control study. The rhombus is stand for the 
combined OR, and the OR is calculated by drinking frequently versus drinking occasionally 
or less category of green tea. 

Seven case-control studies have investigated the association between green tea and EC, and 
most of them from Chinese population, five studies have shown decreased risk when 
comparing the drinking great tea group against the non-drinking (Yang et al., 1999; Hung et 
al., 2004; Islami et al., 2009; Mu et al., 2003; Zhang et al., 2010), of which four were non-
significant in statistics. However, two studies have shown that an inverse association 
between green tea and EC, with no difference in statistics (Sun et al., 2003; Wu et al., 2008). 
The combined OR and 95%CI of drinking frequently versus drinking occasionally or less 
category of green tea were 0.79, 0.69-0.92 (figure 13). The results of meta-analysis for green 
and EC have suggested it has the function for prevention of EC. 

2.7.2 Black tea 

The black tea composition depends on a technological process known as fermentation, in 
which about 75% of catechins contained in the tea leaves are crushed to promote enzymatic 
oxidation and subsequent condensation of tea polyphenols, leading to the formation of 
oligomeric polyphenols (theaflavins) and polymeric polyphenols (thearubigins) (WCRF, 
2007). It is difficult to state a definitive composition for black tea, as it varies with different 
preparations. Four case-control studies have investigated the relationship between black tea 
and EC, and the results were not consistent, for two studies have shown increased risk with 
high drinking of black tea (Chen et al., 2009; Islami et al., 2009), the other two studies have 
suggested black tea was inversely associated with EC (Gao et al., 2009; Zhang et al., 2010), 
but all the studies were non-significant statistically (figure 14). The combined OR and 95%CI 
of drinking frequently versus drinking occasionally or less category of black tea were 1.07, 
0.69-1.65. The evidence for black tea is limited and needs further study.  
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Fig. 14. Forest plot of black tea and EC, case-control study. The rhombus is stand for the 
combined OR, and the OR is calculated by drinking frequently versus drinking occasionally 
or less category of black tea. 

2.7.3 Maté 

Maté, a tea-like infusion of the herb Ilex paraguariensis, is particularly prevalent in southern 
America, Brazil and in Uruguay. And it is typically drunk scalding hot through a metal 
straw. This process of heat may damage esophagus (Castellsague et al., 2000). Repeated 
damage of this nature could lead to cancer of esophagus. Chemical carcinogenesis from 
constituents of maté has also been postulated. 

For maté drinking, the number of studies was limited, but they consistently have shown that 
EC risk increased with both amount and temperature consumed, and these two were 
independent risk factors. Three case-control studies have investigated relationship between 
maté and EC (Castellsague et al., 2000; Sewram et al., 2003; Szymańska et al., 2010). All of 
them have suggested that an increased incidence of EC with higher maté consumption. Our 
meta-analysis of case-control data have shown OR was 1.796, 95%CI was 1.363-2.366. The 
results have shown that maté, an herbal infusion, is probably a cause of EC. 

3. A case-control study on the relationship between dietary nutrients intake 
and EC in China 
China is the high EC incidence and mortality country in the world, accounting for more than 
50% of new cases in the world, each year about 250,000 cases of newly diagnosed EC, the 
incidence rate is 19.83/105 and mortality rate is 16.01/105 (Chen et al., 2008; Zhang et al., 2008). 
The incidence of EC has big regional difference. Chuzhou District, Huaian City, Jiangsu 
province, China, is a high-incidence area of EC with ESCC incidence over 98/105, which is 7 
times higher than the nation’s average rate (13/105) (Hu et al., 2002). Recent years, with the 
development of the economy, improvement of medical level and enhancement of people’s 
awareness of preventing diseases, incidence of EC has been declining in some of the high-
incidence areas in China (Yang et al., 2008), but it is still high in Chuzhou District, Huaian City. 
The risk factors of EC need to be studied further in this area. 
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3.1 Subjects and methods 

3.1.1 Cases and controls 

In the EC high incidence area of Chuzhou District, Huaian City, Jiangsu Province, we have 
conducted a case–control study of dietary factors and risk of EC. A total of 207 EC cases 
with newly diagnosed as ESCC by the X-ray, endoscopic or pathological diagnosis in county 
and above county level hospitals from 2003 to 2008 were considered eligible for the study. 
The cases were drawn from the local cancer registered system. 

Each case was matched within 5 years of age, same sex and nationality by two control 
subjects who were recruited from the same district. If the people do not want to attend the 
study, select again randomly, 414 controls were selected in total. 

3.1.2 Methods 

All the participants were interviewed to fill a structured questionnaire by trained 
investigators after obtaining written informed consent. The questionnaire included 
questions about sociodemographic characteristics, occupational history, dietary habits and a 
detailed food-frequency questionnaire (FFQ) on the intake of 120 food items one year before. 
Subjects were asked to report how many times they consumed 120 different foods per day, 
per week, per month or per year and how much per time. This FFQ was considered as 
representative of this area diet and allowed for the estimation of total energy and nutrients 
intakes. All data were entered by different persons on two computers using Epidata3.1 
software. The total energy and nutrients intake have been calculated using Chinese Food 
Ingredients Table 2002 (Yang et al., 2002).  

3.1.3 Statistical analysis 

Single factor logistic analyses for intake of different food groups and interested nutrients 
were conducted using SPSS 13.0 software to determine differences between controls and 
cases. Then, unconditional logistic regression was used to calculate OR and corresponding 
95%CI for EC compared with controls in relation to daily food group and nutrients intake. 

3.2 Results 

3.2.1 General status 

There were 207 EC cases and matched 414 controls who completed the FFQ after further 
exclusion of participants with implausible energy intake (<600Kcal/d or >5000Kcal/d). 112 
pairs (one pair included one case and two controls) were males and 95 pairs were females. 
There was no significant difference (P>0.05) between cases and controls in age, ethnicity, 
education level, marital status, etc., and all the cases and controls were farmers (Table 1). 

3.2.2 Dietary intakes of foods and nutrients 

The daily foods have been divided into 8 categories, 120 species. According to survey data 
of FFQ, all kinds of food daily intakes were calculated in Table 2 [if the variance of data was 
heterogeneity, the data were listed with the median (M) and quartile (Q)]. 
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Basic information Cases Controls P value 

Age(year) Male 62.07±7.49 61.83±7.44 0.780 

 Female 61.86±8.40 61.80±8.29 0.952 

 Total 61.98±7.90 61.82±7.84 0.812 

Education level Illiterate 127 227 0.090 

 Primary school 54 103  

 Junior high 
school 

21 60  

 Senior high 
school and above 

5 24  

Marital status Married 160 342 0.463 

 Divorce 1 2  

 Widowed 42 64  

 Spinsterhood 4 6  

Table 1. Comparison of the basic information between cases and controls. 
 

Food kinds Cases Controls P value 

Cereals 528.01±276.51 501.73±226.65 0.365 

Livestock and poultry meat 38.90±43.08 24.02±32.87 0.008 

Fish and shrimp 13.22±22.88 11.38±17.04 0.652 

Egg, milk and products 27.95±44.38 27.40±39.56 0.384 

Beans and products 79.79±70.30 69.45±77.82 0.341 

Vegetables 214.26±227.26 247.70±167.12 0.967 

Fruits 39.52±64.17 30.15±42.99 0.201 

Allium vegetables 4.11±6.52 8.49±12.16 0.004 

Salted and smoked products 34.38±44.86 37.78±46.05 0.718 

Table 2. Foods dietary intakes of cases and controls (g/d, M±Q). 

As shown in table 2, the large proportion of daily diet was plant-based foods such as cereals, 
vegetables and so on in both cases and controls. Because the data was not normally 
distributed, the wilcoxon signed rank test (non-parametric test method for two related 
samples) was used to compare the differences of various foods intakes between cases and 
controls. The daily intake of Allium vegetables of controls was significantly higher than that 
of cases (P<0.05), while the daily intake of livestock and poultry meat of controls was 
significantly lower than that of cases (P<0.05). Logistic regression analysis found that not 
eating garlic (OR=2.006, 95% CI: 1.451-2.774) and liking eating fat meat (OR=1.796, 95%CI: 
1.249-2.584) were the risk factors for esophageal cancer.  
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The nutrients daily intakes for cases and controls were listed in table 3. 
 

Nutrients Cases Controls P value 

Energy(KJ) 5460.27±3533.35 6191.34±3150.04 0.006 
Protein(g) 50.02±35.08 57.33±30.89 0.045 

Fat(g) 29.03±27.89 33.35±26.62 0.222 
Carbohydrates(g) 213.70±140.49 253.84±109.67 0.002 
Dietary Fibre(g) 11.87±11.21 13.63±10.12 0.088 

Vitamin A(μgRE) 579.92±622.39 555.91±388.17 0.266 
Thiamine(mg) 0.66±0.58 0.78±0.59 0.006 
Riboflavin(mg) 0.74±0.62 0.78±0.44 0.267 

Niacin(mg) 16.27±8.07 18.52±8.27 0.000 
Vitamin C(mg) 67.09±77.45 75.52±51.83 0.393 
Vitamin E(mg) 11.53±12.64 14.30±12.63 0.063 
Calcium(mg) 388.35±351.61 444.40±318.82 0.049 

Phosphorus(mg) 889.70±595.75 1041.79±522.61 0.016 
Potassium(mg) 1499.53±1252.12 1602.00±933.45 0.235 

Sodium(mg) 1312.31±1575.14 1442.03±1404.18 0.657 
Magnesium(mg) 273.79±207.08 320.38±183.14 0.007 

Iron(mg) 21.27±13.85 21.96±9.87 0.623 
Zinc(mg) 11.26±6.20 11.71±5.72 0.093 

Selenium(mg) 25.37±21.18 27.69±16.81 0.576 
Copper(μg) 1.62±1.33 1.78±1.00 0.734 

Table 3. The nutrients daily intakes of cases and controls(M±Q). 

As shown in table 3, there were no significant difference between the daily intake of fat, 
dietary fiber, vitamin A, riboflavin, vitamin C, vitamin E, potassium, sodium, iron, zinc, 
selenium, and copper between cases and controls using wilcoxon signed rank test (P>0.05). 
Meanwhile, the daily intakes of energy, protein, carbohydrate, thiamine, niacin, calcium, 
phosphorus, magnesium of controls were significantly higher than that of the cases (P 
<0.05).  
 

Nutrients Intake level P OR 95%CI 

Energy (KJ) < 4353.18    
4353.18-5902.73 0.006 0.456 0.260-0.801 
5902.73-7732.61 0.000 0.321 0.182-0.566 

> 7732.61 0.002 0.414 0.235-0.727 
Protein (g) < 39.06    

39.06-54.73 0.106 0.633 0.364-1.101 
54.73-73.35 0.005 0.447 0.256-0.780 

> 73.35 0.012 0.492 0.282-0.858 
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Nutrients Intake level P OR 95%CI 

Carbohydrates (g) < 173.88    
173.88-230.01 0.009 0.471 0.268-0.829 
230.01-298.76 0.000 0.260 0.146-0.463 

> 298.76 0.002 0.411 0.233-0.725 
Thiamine (mg) < 0.45    

0.45-0.73 0.859 1.051 0.609-1.814 
0.73-1.07 0.037 0.556 0.320-0.966 

> 1.07 0.043 0.565 0.325-0.983 
Niacin (mg) < 13.13    

13.13-17.44 0.001 0.369 0.209-0.653 
17.44-21.68 0.001 0.369 0.209-0.653 

> 21.68 0.000 0.262 0.147-0.468 
Calcium (mg) < 288.65    

288.65-419.98 0.042 0.563 0.323-0.980 
419.98-625.11 0.003 0.429 0.245-0.749 

> 625.11 0.012 0.491 0.281-0.857 
Phosphorus (mg) < 716.61    

716.61-961.22 0.014 0.498 0.285-0.870 
961.22-1274.97 0.000 0.364 0.207-0.639 

> 1274.97 0.008 0.469 0.268-0.821 
Magnesium (mg) < 210.65   

210.65-305.14 
305.14-409.08 

> 409.08 

0.140 
0.015 
0.012 

0.660 
0.504 
0.493 

0.380-1.146 
0.289-0.876 
0.283-0.859 

Table 4. ORs of nutrients different intake levels for the EC risk. 

ORs of significant nutrients for EC were showed in Table 4. The highest intake quartiles of 
energy, protein, carbohydrate, thiamine, niacin, calcium, phosphorus and magnesium were 
associated with decrease in risk for EC compared with the lowest quartiles, the ORs were 
0.414 (95%CI: 0.235-0.727), 0.492 (95%CI: 0.282-0.858), 0.411 (95%CI: 0.233-0.725), 0.565 
(95%CI: 0.325-0.983), 0.262 (95%CI: 0.147-0.468), 0.491 (95%CI: 0.281-0.857), 0.469 (95%CI: 
0.268-0.821), and 0.493 (95%CI: 0.283-0.859) respectively. 

3.3 Discussion 

3.3.1 Allium vegetables 

In China, the Allium vegetables include garlic, onions, leeks, green Chinese onions, garlic 
sprouts, and garlic bolt and so on. These vegetables are rich in vitamins, minerals and 
phytochemicals. Many studies have indicated that Allium vegetables have anticarcinogenic 
effect which is attributed to organosulfur compounds [e.g., diallyl sulfide, diallyl disulfide 
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(DADS), diallyl trisulfide (DATS), S-allyl cysteine (SAC), S-allylmercaptocysteine (SAMC), 
ajoene, etc.] (Stan et al., 2008). Our results indicated that the daily intake of Allium 
vegetables of controls was significantly higher than that of cases (P<0.05) and not eating 
garlic was a risk factor for EC, OR=2.006 (95%CI: 1.451-2.774). Our result was similar to 
before reports (Chen et al., 2009; Galeone et al., 2006; Takezaki et al., 2001). 

3.3.2 Meat 

This study found that the daily intake of livestock and poultry meat of cases was 
significantly higher than that of controls. The logistic regression analysis indicated that who 
like eating fat meat was a risk factor for EC, OR =1.796 (95%CI: 1.249-2.584). Eating meat 
and animal fat may promote the mechanism of EC with total fat and saturated fatty acid 
intake increased. Our result was consistent to other reports (Navarro Silvera et al., 2011; 
Silvera et al., 2008). 

3.3.3 Dietary nutrients intakes 

In recent years, researchers pay more attention to the relationship between nutrients and 
EC. Nutrients deficiency may play an assistant role in the process of carcinogenesis. We 
have found that the nutritional status of residents in Chuzhou area was poor compared with 
the low EC incidence area (Wang et al., 2005). In this case-control study we found that the 
energy, protein, carbohydrates intakes of cases were lower than that of controls (P<0.05). 
The highest intake quartiles of energy, protein, carbohydrate were associated with 
decreased risk for EC compared with the lowest quartiles, the ORs were 0.414 (95%CI 0.235-
0.727), 0.492 (95%CI 0.282-0.858), and 0.411 (95%CI 0.233-0.725) respectively. Some reports 
have suggested that high carbohydrate and energy intakes and obesity can account for at 
least some of the rise in EAC (Thompson et al., 2008). In our study the cases were all ESCC 
and the energy intake of the participants was low. The percentage of participants whose 
energy intake reached the Chinese RNI was only 10% which was vulnerable to suffer from 
energy malnutrition. This may result in that the high energy intake is the protective factor 
for EC in this area. Protein is the material basis of all life. Inadequate intake of protein leads 
to physical decline, decreased immunity, prone to various diseases. Chen reported that 
greater intakes of dietary protein and carbohydrate were inversely associated with risk of 
EAC (Chen et al., 2002). 

Many reports have supported that low vitamin intake may partly explain the high incidence 
of EC among inhabitants in high incidence areas (Bravi et al., 2011; De Stefani et al., 2006; 
Ibiebele et al., 2011; Malekshah et al., 2010). This study indicated that the highest intake 
quartiles of thiamine and niacin were both associated with decreased risk for EC compared 
with the lowest quartiles, the ORs were 0.565 (95%CI: 0.325-0.983) and 0.262 (95%CI: 0.147-
0.468) respectively. The results suggested that inadequate intake of thiamine and niacin may 
be a risk factor for EC and were consistent with previous reports (Franceschi et al., 2000; 
Siassi et al., 2000). 

Among minerals, the anti-cancer role of selenium and zinc were the research focus and 
some researchers reported that selenium and zinc were preventive factors for occurrence of 
EC (Cai et al., 2006; Lu et al., 2006; Wei et al., 2004). However our results did not find the 
relationship between selenium, zinc and EC. We found calcium, phosphorus, and 
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magnesium had protective action for occurrence of EC. There were reports that high 
phosphorus intake may decrease the risk of EC (Franceschi et al., 2000; Launoy et al., 1998; 
Siassi et al., 2000). 

4. Conclusions 
The role of food and nutrients for EC causation has been a subject of considerable research. 
The results of our meta-analysis studies suggested that: 1) increased dietary vegetables and 
fruits decrease the risk of EC; 2) high intake of dietary vitamin A, β-carotene, folic acid and 
vitamin E were associated with decreased risk of EC; 3) drinking green tea was a protective 
factor against EC and maté drinking may be a risk factor for EC.  

The case-control study suggested that: 1) increased dietary Allium vegetables intake such as 
garlic was associated with decreased risk of EC, while increased fat meat, livestock and 
poultry meat intake was associated with increased risk of EC; 2) high dietary intakes of 
energy, protein, carbohydrate, thiamine, niacin, calcium, phosphorus and magnesium may 
decrease the risk of EC in this area. 

We need more studies especially cohort studies to explore the effects of foods and nutrients 
on the occurrence of EC. Moreover, the mechanism of the actions needs to be studies further 
too. 
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1. Introduction 
Esophageal adenocarcinoma (EAC) affects approximately 17,000 individuals per year in the 
United States, is increasing in incidence, and is associated with an exceptionally high 
mortality rate. 1, 2 Overall five-year survival despite aggressive treatment in large, 
multidisciplinary oncology centers ranges between 15 and 25%. Poor outcome in patients 
with EAC is reflective of both deficiencies in early detection - the disease is typically 
diagnosed at an advanced (unresectable) stage - and the inadequacy of available standard 
therapies across stages.  Advanced/recurrent disease is incurable and carries a median 
survival of 9-12 months. Fully 50% of cases are metastatic at diagnosis, and cure rates with 
multimodality therapy for locally advanced disease do not exceed 40%--resulting in the 
majority of these patients eventually requiring palliative chemotherapy. Innumerable 
regimens have been studied. However, few are validated by phase III trials. Furthermore, 
trial eligibility ranges between histologies (Squamous cell carcinoma; SCC vs. 
Adenocarcinoma) as well as location in the upper gastrointestinal tract (distal esophagus, 
esophagogastric junction [EGJ], stomach). With these limitations in mind, there are a few 
guiding principles for treatment of advanced/metastatic disease. Chemotherapy is usually 
given in doublets and is chosen based on projected efficacy, patient performance 
status/medical co-morbidities, and side effect profile of the agents used. There is significant 
experience with combinations of cisplatin and 5-fluorouracil (5-FU), particularly with SCC, 
which are variously validated as better than best supportive care.3 More recently, with the 
epidemiologic shift from SCC to EAC, newer regimens focus on GEJ/gastric cancer, use 
three drugs and sometimes incorporate biologic/targeted therapies.  

2. Epidemiology and histology  
SCC has become increasingly less common, accounting for fewer than 30% of all esophageal 
malignancies in North America and many Western European countries.4 Although EAC is 
diagnosed predominantly in white men in whom the incidence has risen, EAC also is 
gradually increasing in men of all ethnic backgrounds and in women also.5 Several risk 
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factors for EAC have been established such as obesity and high body mass index (BMI).6-8 
Individuals in the highest quartile for BMI had a 7.6-fold increased risk of developing EAC 
compared with those in the lowest quartile, whereas SCC was not associated with BMI.9, 10 
Gastroesophageal reflux disease (GERD) and Barrett’s esophagus are the other two major 
risk factors for EAC.11-15 GERD is associated with high BMI and is also a risk factor for 
Barrett’s esophagus. Barrett’s esophagus is a condition in which the normal squamous 
epithelium of the esophagus that damaged by GERD is replaced by a metaplastic, columnar, 
or glandular epithelium of the esophagus that is predisposed to malignancy.15 Patients with 
Barrett’s esophagus have 30 to 60 times of greater risk of developing EAC than the general 
population.13   

3. Staging 
The American Joint Committee on Cancer (AJCC) staging classification has revised in 2010.16 
The tumor (T), node (N), and metastasis (M) classification developed by AJCC 2002 was 
based on pathologic review of the surgical specimen in patients who had surgery as primary 
therapy. The revised 2010 AJCC staging classification is based on the risk-adjusted random 
forest analysis of the data generated by the Worldwide Esophageal Cancer Collaboration 
(WECC) in 4627 patients who were treated with esophagectomy alone without induction or 
postoperative therapy. The revised version includes separate stage grouping for SCC and 
EAC (table 1.). The revised staging system is for the esophageal and EGJ cancers, including 
cancer within the first 5cm of the stomach that extends into the EGJ or distal thoracic 
esophagus. T4 disease is sub-classified into T4a (potentially resectable) and T4b 
(unresectable). Staging and evaluation for respectability requires endoscopic ultrasound 
(EUS) for T staging (focusing on the possibility of T4 disease), computed tomography (CT), 
and [18F]-2-deoxy-D-glucose positron emission tomography (FDG-PET), which is often 
integrated with CT (PET/CT).  

3.1 Esophagogastric junction (EGJ) 

In the revised AJCC staging system, tumors whose midpoint is in the lower thoracic 
esophagus, EGJ or within the proximal 5cm of the stomach that extends into the EGJ or 
esophagus, are classified as adenocarcinoma of the esophagus for the purposes of staging. 
All other cancers with a midpoint in the stomach lying more than 5cm distal to the EGJ, or 
those within 5cm of the EGJ but not extending into the EGJ or esophagus are staged using 
the gastric cancer staging system.  
 

Primary tumor (T) 

TX primary tumor cannot be assessed 

T0 No evidence of primary tumor 

Tis High grade dysplasia 

T1 Tumor invades lamina propria, mucularis mucosae, or submucosa 
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Primary tumor (T) 

T1a Tumor invades lamina propria, mucularis mucosae 

T1b Tumor invades submucosa 

T2 Tumor invades muscularis propria 

T3 Tumor invades adventitia 

T4 Tumor invades adjacent structures 

T4a Resectable tumor invading plura, pericardium, or diaphragm 

T4b Unresectable tumor invading other adjacent structures, such as aorta, vertebral 
body, trachea, etc 

Regional lymph nodes (N) 

NX Regional lymph nodes cannot be assessed 

N0 No regional lymph node metastasis 

N1 Metastasis in 1-2 regional lymph nodes 

N2 Metastasis in 3-6 regional lymph nodes 

N3 Metastasis in seven or more regional lymph nodes 

Distant metastasis (M) 

M0 No distant metastasis 

M1 Distant metastasis 

Histologic grade (G) 

GX Grade cannot be assessed - stage grouping as G1 

G1 Well differenciated 

G2 Moderately differenciated 

G3 Poorly differentiated 

G4 Undifferentiated - stage grouping as G3 squamous 
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Adenocarcinoma 

Stage T N M Grade 

0 Tis (HGD) N0 M0 1, X 

IA T1 N0 M0 1-2, X 

IB T1 N0 M0 3 

 T2 N0 M0 1-2, X 

IIA T2 N0 M0 3 

IIB T3 N0 M0 Any 

 T1-2 N1 M0 Any 

IIIA T1-2 N2 M0 Any 

 T3 N1 M0 Any 

 T4a N0 M0 Any 

IIIB T3 N2 M0 Any 

IIIC T4a N1-2 M0 Any 

 T4b Any M0 Any 

 Any N3 M0 Any 

IV Any Any M1 Any 

Table 1. AJCC 2010 TNM staging of esophagogastric junction (EGJ) adenocarcinoma. 

4. Current therapy for resectable esophageal adenocarcinoma 
EMR or ablation are good primary treatment options for patients with Tis and T1a tumors 
where as esophagectomy is still preferred treatment for T1a tumor. For patients with T1b, 
esophagectomy is the preferred treatment option for those with non-cervical cancer. 
Chemoradiation therapy is the preferred treatment for patients with cervical cancer.17 

Primary treatment options for patients with locally advanced resectable esophageal cancer 
include preoperative chemoradiation therapy, definitive chemoradiation therapy, 
preoperative chemotherapy, or esphagectomy.  
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4.1 Chemoradiation therapy 

Since the overall poor survival rates of patients who have been treated with resection alone, 
multiple modalities have been used for the treatment of esophageal cancer. Concomitant 
chemotherapy and radiation therapy has been studied in the preoperative setting and as 
definitive nonoperative treatment.  

4.1.1 Preoperative concurrent chemoradiation therapy 

Preoperative chemoradiation followed by surgery is the most common approach for 
patients with resectable esophageal cancer. Several trials have directly compared surgery 
with or without preoperative chemoradiation therapy for patients with potentially 
resectable esophageal cancer.18-24 Of the five completed randomized trials compared 
preoperative concurrent chemoradiation therapy versus surgery alone, only two showed a 
statically significant survival benefit for chemoradiation therapy.23, 24 Walsh et al.23 
randomized 113 patients with esophageal or EGJ adenocarcinoma to receive either surgery 
alone or preoperative chemoradiation therapy. The chemoradiation therapy consisted of 
two courses of cisplatin (75 mg/m2 on day 7 of each cycle) and 5-fluorouracil (15mg/kg by 
bolus days 1 to 5), and radiation therapy was administered in 15 fractions over a three week 
period to a total of 40 Gy. Only one of the cycles of chemotherapy was actually given 
concurrently with the radiation. The combined-modality therapy provided a significant 
improvement in median survival (16 versus 11 months; p =0.01) and in three year survival 
(32% versus 6 %) compared with surgery alone. These results were criticized because of the 
lower than expected survival with surgery alone.  

In the phase III multicenter CROSS trial from the Netherlands24, 364 patients with 
potentially resectable (T2-3, N0-1, M0) esophageal or EGJ cancer were randomized to 
surgery alone or weekly paclitaxel 50 mg/m2 plus carboplatin [AUC =2] on days 1, 8, 15, 22, 
and 29, administered with concurrent radiotherapy with 41.4 Gy in 23 fractions over five 
weeks. Surgery was conducted within 6 weeks of completing chemoradiation therapy. The 
median survival of patients who received preoperative chemoradiation therapy and surgery 
was 49 months, compared to 26 months for those who received surgery alone. When 
adjusted for baseline covariates, the hazard ratio was 0.66 (p = 0.008). After a median follow-
up of 32 months, the 1-,2- and 3-year survival rates were 82 percent, 67 percent and 59 
percent, respectively, for chemoradiation therapy plus surgery verses 70 percent, 52 percent, 
and 48 percent for surgery alone with 0.67 of hazard ratio (p = 0.011). In a preliminary report 
presented at the 2010 ASCO meeting, preoperative chemoradiation therapy was well 
tolerated, with the only grade 3 or higher toxicity being leucopenia (7%). The complete (R0) 
resection rate was higher with chemoradiation therapy (92 vs. 65%), and 33 % of those 
treated with chemoradiation therapy had a pCR.   

In contrast, three other trials have not shown a significant survival advantage for this 
approach. In the trial from University of Michigan19, 100 patients with locoregional 
esophageal or EGJ cancer were randomly assigned to surgery with or without preoperative 
chemoradiation therapy with cisplatin, 5-FU and vinblastine. A pCR was observed in 28 
percent of patients after preoperative treatment. At a median follow-up of 8.2 years, the 
median survival was similar (16.9 vs. 17.6 months for multimodality therapy and surgery 
respectively). However, three-year survival was nearly twice higher in chemoradiation 
therapy (30% vs. 16%), although there was no statistically significant.  
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The CALGB 9781 trial24 was a prospective randomized Intergroup trial comparing 
trimodality therapy with surgery alone in 500 patients with stage I through III esophageal 
or EGJ cancer. Patients were staged with upper endoscopy, barium esophagram, and CT. 
Staging EUS and thoracoscopy/laparoscopy were encouraged. Due to poor accrual, the 
study fell short prematurely with only 56 patients enrolled. Those patients were 
randomized to undergo either surgery alone or concurrent chemoradiation therapy with 
cisplatin and 5-fluorouracil. A pCR was achieved in 10 of 25 assessable patients in the 
trimodality therapy (40%), and neither perioperative morbidity nor mortality was 
increased compared to surgery alone. Patients receiving trimodality therapy also had a 
better 5-year survival rate (39% vs. 16%), although the difference was not statistically 
significant.  

The benefit of preoperative chemoradiation therapy in smaller resectable tumors was 
addressed in the French FFCD 9901 trial25, which randomly assigned 195 patients with stage 
I or II esophageal or EGJ cancer to preoperative chemoradiation therapy (cisplatin plus 5-FU 
and concurrent radiation therapy [45Gy]) versus surgery alone. In a preliminary report of an 
interim analysis, at a median follow-up of 69 months, preoperative chemoradiation therapy 
did not improve median overall survival (32 vs. 44 months with surgery alone), and it was 
associated with significantly more serious adverse events (65% vs. 35% ) and a significantly 
higher rate of perioperative mortality (7.3% vs. 1.1%). Full publications of these data are 
awaited. 

A meta-analysis of randomized trials comparing preoperative chemoradiation therapy 
versus surgery alone included 1116 patients enrolled on nine trials26. When compared to 
surgery alone, there was only a nonsignificant trend towards improved survival with 
chemoradiation therapy (odds ratio 0.79, 0.77, and 0.66 for one-, two- and three-year 
mortality, respectively). The improvement in three-year survival was statistically significant 
when the analysis was restricted to trials of concurrent chemoradiation therapy (odds ratio 
for mortality 0.45, 95% CI 0.26-0.79). A second meta-analysis of 10 randomized comparing 
preoperative chemoradiation therapy and surgery alone showed same conlusion27. 
Compared to surgery alone, preoperative chemoradiation therapy was associated with 
significantly better two-year all cause mortality (hazard ratio 0.81, 95% CI 0.70-0.93). This 
corresponded to a 13 percent absolute difference in survival at two years.  

In brief summary, with several trials and at least two meta-analyses demonstrating better 
survival with preoperative concurrent chemoradiation, the majority of patient potentially 
resectable localized cancer of the thoracic esophagus and EGJ now undergo some form of 
combined modality therapy rather than local therapy alone.  

4.1.2 Preoperative sequential chemoradiation therapy 

Several trials comparing sequentially administered chemotherapy and radiation therapy 
followed by surgery to surgery alone have failed to show any survival advantage to 
combined modality therapy.18, 20, 21 

4.1.3 Definitive chemoradiation therapy 

In randomized studies, the addition of cisplatin-based chemotherapy to radiation therapy 
significantly improves survival over radiation alone, however, the available data are almost 
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exclusively in SCC, and none of the trials have performed adequate pretreatment staging to 
reliably correlate outcome with locoregional tumor extent such as locally advanced 
unresectable versus potentially operable disease.28-30  

In the RTOG 85-01 trial, patients with locoregional thoracic esophageal SCC or AC received 
4 cycles of 5-FU and cisplatin. Radiation therapy (50Gy) was administered concurrently with 
day 1 of chemotherapy28. The control therapy arm was radiation therapy alone which was 
higher dose (64Gy) than I the combined modality therapy arm. Patients who were randomly 
assigned to receive combined modality therapy showed a significant improvement in both 
median survival (14 vs. 9 months) and 5-year overall survival (27% vs. 0%) with projected 8- 
and 10-year survival rates of 22% and 20%, respectively29. As a result of this trial, definitive 
chemoradiation therapy became the standard care for patients with inoperable disease even 
though 90 percent of patients had SCC.  

The US Intergroup Study 0123 (INT 0123) was designed as the follow-up trial to RTOG 85-
0131. The trial compared two different radiation doses (50.4 Gy or 64.8 Gy) used with the 
same chemotherapy regimen as RTOG 85-01 (cisplatin and 5-FU). 236 Patients with 
nonmetastatic SCC (85%) and AC (15%) of the thoracic esophagus were randomly assigned. 
No significant difference was observed in median survival (13.0 vs. 18.1 months), two-year 
survival (31% vs. 40%), and locoregional failure or locoregional persistence of cancer (56% 
vs. 52%) between the high-dose and standard-dose radiation therapy groups. High-dose 
radiation therapy was significantly more toxic.  

After the results of these studies, definitive chemoradiation therapy with 5-FU and cisplatin 
using the radiation therapy dose of 50.4 Gy was established as the standard approach for 
patients with esophageal cancer. 

4.1.4 Postoperative chemoradiation therapy 

In a phase II nonrandomized trial evaluating postoperative concurrent chemoradiation with 
cisplatin and 5-FU in patients with poor prognosis esophageal and EGJ cancers, the 
projected rates of 4-year overall survival, freedom from recurrence, distant metastatic 
control, and locoregional control were 51%, 50%, 56%, and 86%, respectively32. However, the 
efficacy of postoperative chemoradiation therapy has not been compared with surgery alone 
in a randomized trial involving patients with esophageal cancer.  

The Intergroup trial SWOG 9008/INT-0116 investigated the effect of surgery and 
postoperative chemoradiation therapy on the survival of patients with resectable 
adenocarcinoma of the stomach (80%) or EGJ (20%)33. 556 patients were randomly 
assigned to surgery plus postoperative chemoradiation therapy (leucovorin and 5-FU) or 
surgery alone. Median overall survival in the surgery alone was 27 months compared 
with 36 months in the postoperative chemoradiation group. The postoperative 
chemoradiation group had better 3-year survival rates (50% vs. 41%) and significantly 
improved overall survival for all patients. A major criticism of this study is that surgery 
was not part of this protocol. Moreover, 54% of patients had a D0 resection, 36% had a D1 
resection, and only 10% had a D2 resection. However, the results of this study have 
established postoperative chemoradiation therapy as a reasonable option of patients with 
EGJ adenocarcinoma. 
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4.2 Chemotherapy  

4.2.1 Preoperative chemotherapy 

Several randomized trials have evaluated the benefit of preoperative chemotherapy in 
patients with esophageal cancer limited to the primary and regional nodes by clinical 
assessment34-39.  

In the US Intergroup trial 0113, 467 patients with potentially resectable esophageal or EGJ 
cancer were randomly assigned to surgery alone or preoperative chemotherapy with 
cisplatin and 5-FU followed by surgery34. The majority of patients had adenocarcinoma 
(55%) and outcomes were similar for both histologies. The preliminary results did not show 
any survival benefit between the groups. In a later update of long-term outcomes (median 
follow-up with 8.8 years), preoperative chemotherapy decreased the incidence of R1 
resection (4% vs. 15% in the surgery alone group), however, no improvement was seen in 
overall survival between the groups.  

In contrast to Intergroup 0113, a couple of trials suggest a survival benefit for preoperative 
chemotherapy compared to surgery alone. The Medical Research Council (MRC) OEO2 trial 
randomly assigned 802 patients with AC (69%) or SCC (31%) of the esophagus to surgery 
alone or preoperative chemotherapy with cisplatin and 5-FU39. At a median follow-up of 6 
years, disease-free and overall survivals were significantly longer for the preoperative 
chemotherapy group. The 16 percent reduction in the risk of death favoring chemotherapy 
translated into a significant improvement in five year survival (23 vs. 17%).  

The phase III study conducted by the French Study group (FNLCC ACCORD07-FFCD 9703) 
compared preoperative chemotherapy (5-FU and cisplatin) followed by surgery with 
surgery alone40. 224 patients with potentially resectable stage II or greater adenocarcinoma 
of EGJ (n=144), distal esophagus (n=25), or stomach (n=55) were randomly assigned.  

At a median follow-up of 5.7 years, 3- and 5- year overall survival rates were 48% and 38%, 
respectively, for patients with preoperative chemotherapy compared with 35% and 21%, 
respectively, for those with surgery alone.  

In a meta-analysis of eight randomized trials of surgery alone or preoperative chemotherapy 
followed by surgery for esophageal cancer (1724 patients, any histology, excluding cervical 
esophageal cancers) suggested a small survival benefit for preoperative chemotherapy 
group27. The hazard ratio for all cause survival at two years favored chemotherapy followed 
by surgery (hazard ratio for all-cause mortality 0.90, 95% CI 0.81-1.0), a difference which 
translated into a two-year absolute survival benefit of 7 percent. There was no significant 
benefit for chemotherapy for patients with SCC, however, with patients with EAC, there 
was a significant benefit, which was based on data from the United Kingdom MRC OEO2 
trial.  

4.2.2 Perioperative chemotherapy 

Investigators with the MRC conducted a second study of preoperative chemotherapy38. In 
contrast to the previous MRC study (MRC OEO2 trial), they included patients with 
resectable gastric (74%), EGJ (15%), or distal esophageal adenocarcinoma (11%). This UK 
MAGIC trial evaluated the effect of perioperative chemotherapy with the ECF (epirubicin, 
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cisplatin, and 5-FU) regimen given before and after surgery in resectable gastroesophageal 
cancer. A total of 503 patients were randomly assigned to surgery with or without 
perioperative chemotherapy. Most of the patients had gastric cancer (74%), while small 
group of patients had adenocarcinoma of lower esophagus (14%) and EGJ (11%). At a 
median follow-up of four years, 5-year overall survival was significantly better in the 
perioperative chemotherapy group compared with surgery alone (36 vs. 23%).  

5. Current therapy for unresectable and metastatic esophageal 
adenocarcinoma 
The goals of therapy for patients with advanced unresectable and metastatic esophageal 
cancer are to palliate symptoms, including malignant dysphagia, and improve survival. 
Patients with advanced adenocarcinoma of esophagus and EGJ can be treated using the 
regimens included in the gastric cancer guide-lined for advanced gastric cancer. Since the 
mid 1970s, the incidence of SCC in the United States has been declining, while the incidence 
of adenocarcinoma in white males rose by 350 percent from 1970s to 1990s41. 
Adenocarcinoma became the dominant histology in the early 1990s. In addition, the 
incidence of distal gastric adenocarcinoma declined, while the incidence of adenocarcinoma 
of EGJ and proximal stomach has increased. The increasing incidence has paralleled the rise 
in incidence of EAC. These histories suggest that adenocarcinomas of the distal esophagus, 
EGJ and proximal stomach share a common pathogenesis.   

5.1 Chemotherapy for advanced unresectable or metastatic esophageal 
adenocarcinoma 

In randomized clinical trials, no consistent benefit was seen for any specific chemotherapy 
regimen, and chemotherapy showed no survival benefit compared with best supportive care 
for patients with advanced esophageal cancer3. However, palliative chemotherapy may 
improve quality of life in patients with unresectable or metastatic esophageal cancer.  

5.1.1 Single agent 

Cisplatin is one of the most active agents, with a single-response rate consistently in the 
range of 20% or greater42. Newer agents such as irinotecan43-45, docetaxel46, 47, paclitaxel48-50, 
and etoposide51 have also shown activity as single agents in advanced esophageal cancer. 

5.1.2 Combination chemotherapy 

The combination of cisplatin and fluorouracil has been one of the most commonly used 
regimens in both metastatic and localized esophageal cancer due to its activity and well-
established toxicity profile. Cisplatin also has been combined with taxanes50, 52-54, 
irinotecan55, mitomycin56, and gemcitabine57, 58.  

Capecitabine is designed oral fluoropyrimidine that is converted to 5-FU in three-step 
enzymatic process59. In the REAL-2 trial60, multicenter phase III study assessed by a 
randomized 2x2 design, 1002 patients with histologically confirmed EAC, SCC, or 
undifferentiated cancer of esophagus, EGJ, or stomach randomly assigned to receive one of 
four epirubicin-based regimens ([ECF]; epirubicin, cisplatin, 5-FU,  [EOF]; epirubicin, 
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oxaliplatin, 5-FU, [ECX]; epirubicin, cisplatin, capecitabine, [EOX]; epirubicin, oxaliplatin, 
capecitabine). The primary outcome in this study was non-inferiority in overall survival. 
The primary endpoint was reached and there was a trend toward better overall survival for 
the capecitabine and oxaliplatin groups.  

Regimens containing irinotecan have been studied. Irinotecan has been combined with 
cisplatin61, docetaxel62, and fluoropyrimidines63. Irinotecan plus cisplatin is active and well 
tolerated in several studies. Combinations of irinotecan and docetaxel with or without 
cisplatin are active but toxic. Combinations of irinotecan and oxaliplatin are highly 
efficacious and tolerated63. There are no phase III trials comparing an irinotecan-based 
combination with a cisplatin-based regimen.  

Tables show brief regimens listed in the guidelines for metastatic or locally advanced 
esophageal or EGJ cancers (Table 2 and 3). 
 

First-line therapy 

DCF or its modifications (category 1 for docetaxel, cisplatin, and fluorouracil; category 2B 
for docetaxel, carboplatin, and fluorouracil; category 2A for all other combinations 

ECF or its modifications (category 1) 

Fluoropyrimidine- or taxane-based regimens, single agent or combination therapy, 
(category 1 for combination of fluoropyrimidine and cisplatin; category 2A for all other 
regimens) 

Trastuzumab with chemotherapy (category 1 for combination with cisplatin and 
fluoropyrimidine; category 2B for combination with other chemotherapy agents) for 
patients who are HER2-neu positive, as determined by a standardized method. 

Table 2. First-line therapy for Recurrent and Metastatic Esophageal Cancer. 
 

Second-line therapy 

Trastuzumab with chemotherapy (category 1 for combination with cisplatin and 
fluoropyrimidine; category 2B for combination with other chemotherapy agents) for 
patients who are HER2-neu-positive, if not used as first-line therapy 

Docetaxel or paclitaxel (category 2B) 

Irinotecan-based single-agent or combination therapy (category 2B) 

Table 3. Second-line therapy for Recurrent and Metastatic Esophageal Cancer. 

6. Biological/Targeted therapy 
With the recent development of small molecules and antibodies designed form biologic first 
principles, biologic/targeted therapies are now incorporating with chemotherapy. The most 
commonly used agents include angiogenesis inhibitors (bevacizumab) and epidermal growth 
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factor receptor inhibitors (panitumumab, cetuximab, erlotinib). Shah et al. carried out a phase 
II trial of 47 patients to study the addition of the anti-vascular endothelial growth factor 
monoclonal antibody, bevacizumab, to weekly cisplatin and irinotecan in patients with 
advanced gastroesphageal cancer.64 The median survival was 12.3 months (95% CI, 11.3 to 17.2 
months), and there was no increase in chemotherapy related toxicity. The ongoing REAL-3 
trial is testing epirubicin, oxaliplatin and capecitabine (EOX) with or without panitumumab in 
previously untreated advanced esophagogastric cancer. Pittsburgh group is carrying a phase II 
study of irinotecan plus panitumumab as second line treatment for advanced EAC. In the 
setting of locally advanced disease, ECOG 2205 investigated the addition of cetuximab to 
chemoradiation therapy for resectable EAC, and ACOSOG Z4051 is enrolling patients with 
adenocarcinoma to chemoradiation therapy plus panitumumab.  

The revolution in biological/targeted therapies offers hope for improvement in survival for 
patients with advanced EAC. However, historically, the empiric addition of targeted agents 
such as cetuximab and bevacizumab to cytotoxic chemotherapy has yielded a modest 
improvement in survival for patients with solid tumors.65-67 This relative failure of the 
current approach has led to great interest in either selecting patients for therapies or 
selecting therapies for patients, usually by tumor profiling and selective preclinical 
models.68, 69 This project aims to test a novel direct translational model of target selection 
and inhibition with the goal of furthering the rational selection of targeted therapies for 
patients with advanced EAC.  

6.1 Trastuzumab 

HER2 is another member of the EGFR family that is associated with cell proliferation, 
migration, and differentiation. HER2 over-expression and/or amplification have been 
reported in EAC, along with some evidence supporting a prognostic utility. Various phase I 
and II trial have reported a possible benefit for HER2 blockage70, 71. Data from these trials 
served as the basis for a recent prospective phase III trial (ToGA)72 that evaluated the 
therapeutic benefit of blocking this target in a randomized fashion.  

In the ToGA trial, more than 594 patients with HER2-positive gastric and gastroesophageal 
cancer were treated with standard chemotherapy (infusional 5-FU or capecitabine plus 
cisplatin), either with or without trastuzumab. The tumors of the enrolled patients were 
either fluorescence in situ hybridization (FISH)-positive or positive for HER2 expression by 
immunohistochemistry (IHC). At a median follow-up of 17.1 to 18.6 months, median overall 
survival (the primary endpoint) was significantly improved with the addition of 
trastuzumab (13.8 vs. 11.1 months). Safety profiles were comparable, with no unexpected 
adverse events in the trastuzumab group and no difference was seen in symptomatic 
congestive heart failure between the arms. This establishes trastuzumab plus chemotherapy 
as a new standard of care for the treatment of patients with HER2-expressing advanced 
gastric and EGJ adenocarcinoma.  

6.2 Cetuximab 

As monotherapy, cetuximab, a monoclonal antibody targeting the EGFR, has limited activity 
as second-line therapy73. The safety and efficacy adding cetuximab to first-line 
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chemotherapy has been tested in several studies of advanced esophagogastric cancer74, 75. 
All suggest that this approach is safe and in some cases, objective response rates are over 50 
percent and median survival is less than 10 months. Conclusions regarding the clinical 
utility of cetuximab in patients with advanced esophagogastric cancer need data from 
randomized phase III trial. 

6.3 Gefitinib and erlotinib (small molecule tyrosine kinase inhibitors) 

Another means of interfering with EGFR signaling is through the use of orally active 
tyrosine kinase inhibitors (TKIs), small molecules that block the binding site of the EGFR 
tyrosine kinase. Small molecule TKIs such as Gefitinib and Erlotinib have been tested as 
single agents in phase II trials in esophagogastric cancer.  

In a phase II study of gefitinib in 36 patients who had failed one prior therapy for advanced 
esophageal cancer, there was only one partial response, but 10 patients had stable disease 
for at least eight weeks. Treatment was reasonably well tolerated76.  

In another trial, gefitinib was administered to 27 patients with advanced unresectable EAC. 
There were three partial responses, and seven had stable disease77.  

In SWOG trial, 70 patients with unresectable or metastatic adenocarcinoma originating in 
the EGJ or stomach received first line treatment with erlotinib78. Six patients had an objective 
response rate (9 percent, one complete), all of them were EGJ tumors. There was no 
molecular parameter of EGFR expression or mutations were predictive of clinical outcome. 
The reason for the apparent differential sensitivity of EGJ and gastric cancer s to EGFR 
blockade using erlotinib is unclear. 

6.4 Bevacizumab 

Elevated serum and tumor levels of vascular endothelial growth factor (VEGF) are 
associated with a poor prognosis in patients with resectable gastric cancer79, 80. Adding the 
anti-VEGF monoclonal antibody bevacizumab to chemotherapy in advanced upper GI 
cancer has been studied. 

In the phase III AVAGAST trial, in which 774 patients with previously untreated locally 
advanced unresectable or metastatic gastric or EGJ cancer were randomly assigned to 
capecitabine plus cicplatin with either bevacizumab or placebo81. In a preliminary report, 
there was no significant benefit from bevacizumab in median overall survival (the primary 
endpoint, 12.1 vs. 10.1 months, hazard ratio 0.87, 95% CI 0.73-1.03) although the use of 
bevacizumab significantly improved both objective response rate and median progression-
free survival.  

7. Conclusion 
The treatment of esophageal and EGJ cancer has undergone a major evolution over the past 
decades.  However, the optimal therapy for these patients is still controversial.  Although 
several advances have made in staging procedures and therapeutic approaches, esophageal 
cancer is often diagnosed late. Some forms of multimodal management are essential for 
treating patients with esophageal cancer.  Most of the clinical studies have not differentiated 
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between SCC and adenocarcinoma so that most of approaches are similar for both 
histologies. However, there are an increasing amount of evidence supports the view that 
they differ in terms of their epidemiology, biology, and prognosis, etc.  In recognition of 
these differences, the AJCC 2010 TNM staging criteria provides separate stage groupings for 
SCC and adenocarcinomas of the esophagus and EGJ. For patients with locally advanced 
resectable adenocarcinoma of esophagus and EGJ (T1b or higher, any N), primary treatment 
options include preoperative chemoradiation therapy, definitive chemoratiation, 
preoperative chemotherapy, or esophagectomy. Postoperative treatment is based on their 
staging. Fluoropyrimidine-based chemoradiation therapy is recommended for patients with 
node-positive adenocarcinoma of esophagus and EGJ. Perioperative chemotherapy is 
recommended for patients with completely resected adenocarcinoma of EGJ (MAGIC trial). 
All patients with residual disease at surgical margins may be treated with fluoropyrimidine-
based chemoradiation. For patients with unresectable disease or those with resectable 
disease who choose not to undergo surgery, fluoropyrimidine- or taxane-based concurrent 
chemoradiation therapy is recommended. For patients with recurrent and metastatic 
disease, the goals of chemotherapy are to palliate symptoms and improve survival. 
Biologic/Targeted therapies have produced encouraging results in the treatment of patients 
with advanced adenocarcinoma of esophagus and EGJ. The efficacy of these new therapies 
in combination with chemotherapy still need results from randomized phase III trials.  

Considerable advanced have been made in the treatment of adenocarcinoma of esophagus 
and EGJ. Novel therapeutic modalities, such as targeted therapies, antiangiogenic agents, 
gene therapy, and etc are being studied in clinical trials. More tailor-made treatment for 
patients with esophageal cancer may be needed and well-designed clinical trials are awaited 
to enable further advances. 
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1. Introduction 
In the recent past, the incidence of esophageal adenocarcinomas has risen dramatically, 
whereas the incidence of squamous cell carcinomas has remained relatively steady in the 
United States (Holmes & Vaughan, 2007). Esophageal adenocarcinoma arises from Barrett’s 
esophagus with an estimated incidence rate of 0.4-0.7 per 100-patients/year. (Sharma et al., 
2004; Thomas et al., 2007). Barrett’s esophagus without dysplasia and those with low-grade 
dysplasia generally have low rates of disease progression, but some studies showed that 
over 8 years, 27% of patients with low-grade dysplasia developed high-grade dysplasia or 
early esophageal adenocarcinoma. In addition, high-grade dysplasia has a definite risk of 
disease progression with rates exceeding 10% per year (Miros et al., 1991; Reid et al., 2000). 
The cornerstone of curative treatment for esophageal cancer has been surgery; however, its 
role has been challenged in very early stage due to morbidity of the procedure. Many 
studies have reported outcomes for patients undergoing surgical resection for esophageal 
cancer. However, the outcome of such studies does not inform clinical decision making for 
the majority of patients who present to surgeons with esophageal cancer. Esophagectomy 
for high-grade dysplasia or early esophageal carcinoma has mortality rates ranging from 2.5 
to 20.3% and 30-50% of patients may develop serious postoperative complications (Spechler, 
2005). For a variety of reasons, the majority of patients with esophageal cancer are actually 
not suitable for esophagectomy. More than 50% have locally advanced, unresectable or 
metastatic tumors at diagnosis. Other reasons which preclude esophagectomy include old 
age, comorbidity, or refusal by the patient. Emerging data suggest that endoscopic therapies 
are viable therapeutic options with significantly lower morbidities. Currently, in many 
institutions, for a subset of patients with clinically localized early stage esophageal cancer 
(T0 or T1 lesions), local endoscopic therapy (excisional biopsy, endoscopic resection, 
photodynamic, local destruction, thermal laser, polypectomy, electrocautery, cryoablation, 
or radiofrequency ablation) seems to be an acceptable alternative and produces similar 
results to surgery. 

For more advanced stages of esophageal cancers, the mainstay of nonsurgical treatment is 
chemotherapy (CT) or radiotherapy (RT), either alone or in combination chemoradiotherapy 
(CRT). A number of factors have been shown to predict survival in advanced esophageal 
cancer. These include stage, performance status, weight loss, and presence or absence of 
metastasis. The stage of the cancer, and in particular the presence of metastatic disease, is 
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the single strongest predictor. The influence of other factors, such as histological type, has 
been less well established. However, there is data suggesting that standard CRT might be 
equivalent to surgery alone in terms of survival for patients with squamous cell carcinoma 
of the esophagus. 

In this chapter, we sought to determine the outcome of patients who underwent treatment 
of esophageal cancer with the various local endoscopic therapies, conventional CT or RT or 
concurrent CRT, but not surgical resection, as published in the literature. In addition, we 
reviewed the specific outcomes of patients with and without metastatic disease, and with 
different histological subtypes.   

2. Endoscopic mucosal resection 
Endoscopic mucosal resection (EMR) serves both diagnostic and therapeutic roles in the 
management of Barrett’s esophagus and early esophageal cancer. It involves local snare 
excision of the target lesion. EMR resects a lesion in entirety for histopathological 
assessment, and if the resection margins are clear, it is curative. It has also been used to 
completely resect the entire at-risk Barrett’s epithelium in order to reduce the risk of 
recurrence. 

Ell et al. (Ell et al., 2007) evaluated the efficacy and safety of localized endoscopic mucosal 
resection in a total of 100 patients with low-risk early esophageal adenocarcinomas (lesion 
diameter up to 20 mm; mucosal lesion without invasion into lymph vessels and veins; and 
histopatholological grade G1 and G2). Complete local remission was achieved in 99 of the 
100 patients after 1.9 months and a maximum of three resections. During a median follow-
up period of 36.7 months, recurrent or metachronous carcinomas were found in 11% of the 
patients, but successful repeat treatment with endoscopic resection was possible in all cases. 
There were no major complications.  

To address the problem of disease recurrence, the concept of complete circumferential EMR 
to remove all underlying Barrett’s mucosa upon detection of high-grade dysplasia or early 
esophageal carcinoma was introduced. In an early study (Seewald et al., 2003), 12 patients 
with high-grade dysplasia or early esophageal carcinoma underwent circumferential EMR 
using simple snare resection. During a median follow-up of 9 months, no recurrence of 
Barrett’s esophagus or malignancy was observed. Giovannini et al. (Giovannini et al., 2004) 
subsequently reported their experience in circumferential EMR in 21 patients with Barrett’s 
esophagus who had either high-grade dysplasia or early esophageal carcinoma. Complete 
circumferential EMR was achieved in two sessions. Resection was complete in 86% of the 
patients and Barrett’s esophagus was completely replaced by squamous cell epithelium in 
75%. Later studies reported similar results with rare complication rates including stricture 
formation, bleeding and perforations. (Peters et al., 2006; Larghi et al., 2007; Lopes et al., 
2007). 

In summary, although EMR is feasible, safe and effective for the treatment Barrett’s 
esophagus with high-grade dysplasia and early esophageal carcinoma, more long-term data 
for a larger number of treated patients are still required in order to establish EMR as a 
standard alternative treatment to surgery.  
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3. Photodynamic therapy 
Photodynamic therapy (PDT) is one of the most widely studied ablative therapies used in 
the treatment of Barrett’s esophagus. PDT is one of the most acceptable ablative therapies 
for high-grade dysplasia and early invasive adenocarcinoma with some of the longest 
follow-up data (Prasad et al., 2007). 

3.1 Technique 

PDT is a photochemical process that requires multiple steps to achieve tissue destruction. First, 
a photosensitizer drug is required. The only photosensitizer approved in the United States by 
the Food and Drug Administration for use in Barrett’s high-grade dysplasia is porfimer 
sodium (Ps) (photofrin). Usually, porfimer sodium is administered intravenously over 3 to 5 
minutes at a dose of 2 mg/kg body weight.  After systemic injection, the photosensitizer is 
absorbed by most tissues and retained at higher concentrations in neoplastic tissues (Nishioka, 
1998). The second step in the process is the application of light of proper power and 
wavelength to the target tissue. A variety of tunable dye lasers have been approved to activate 
photosensitizers. These laser units can generate the desired light and about 2 to 2.5 W of 
energy output. Visible red light at approximately 630 nm is typically used to activate the 
photosensitizer. The activated drug interacts with molecular oxygen leading to the generation 
of singlet oxygen. Subsequent radical reactions can form superoxide and hydroxyl radicals 
leading to cell membrane damage and apoptosis. It is important to note that laser treatment 
induces a photochemical, and not a thermal effect. For endoscopic applications, illumination 
with laser light occurs 40 to 50 hours after injection with porfimer sodium (Overholt et al., 
2005). The light is transmitted by optical fiber advanced through the accessory channel of an 
endoscope. The fibers come in different lengths to better match the length of the lesion being 
targeted. For treatment of BE with high-grade dysplasia, the light dose recommended is 130 to 
200 j/cm fiber. A second endoscopy is advised 96 to 120 hours after porfimer sodium injection 
to assess mucosal damage and degree of necrosis. If needed, a second light application can be 
administered to skipped or poorly treated areas (Overholt et al., 2005). The depth of injury of 
porfimer sodium at wavelength of 630 nm is approximately 5 to 6 mm, depending on tissue 
blood flow and oxygen levels (Gross & Wolfsen, 2010). 

There are other drugs, used mostly in Europe, for PDT applications, including 5-
aminolevulinic acid (5-ALA) and m-tetrahydroxyphenyl chlorine (mTHPC). ALA is present 
in all cells and is the first intermediate of the biochemical pathway resulting in heme 
synthesis. ALA differs from other drugs in that it is not a preformed photosensitizer but 
rather a precursor of the endogenously formed photosensitizer protoporphyin IX (Dunn & 
Lovat, 2008). Advantages of ALA over Ps are the ability to administer it orally; the shorter 
duration of skin photosensitivity (24-48 hours); and the selective destruction of the mucosa 
that does not induce development of strictures (Pech et al., 2005). In 2007, 5-ALA was 
granted drug approval by the Food and Drug Administration for the treatment of patients 
with Barrett’s high-grade dysplasia. 

3.2 Clinical applications 

Porfimer sodium first received approval in the United States in 1995 for palliation of 
patients with advanced esophageal carcinoma. This led to a number of studies using Ps-PDT 
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for treatment of dysplastic Barrett’s mucosa. Overholt and colleagues reported 100 patients 
treated with PDT including 73 patients with high-grade dysplasia, 14 patients with low-
grade dysplasia, and 13 patients with T1 or T2 adenocarcinoma (Overholt et al., 1999). 
Patients were followed for a mean of 19 months while on omeprazole. Small residual areas 
of Barrett’s mucosa were treated with Nd: YAG laser. Seventy-three patients received one 
PDT treatment, twenty-two received two treatments, and five patients received three 
treatments. The results showed that 92% with low-grade dysplasia, 88% with high-grade 
dysplasia, and 77% of cancers were eradicated by PDT and focal thermal ablation. In 43% of 
patients, there was complete elimination of all Barrett’s mucosa. The most common 
complication reported was the development of strictures in 34% of patients. 

In another study (Wolfsen et al., 2002), 48 patients (14 patients with T1 cancers and 34 
patients with high-grade dysplasia) were treated with only one course of PDT, and any 
residual Barrett’s tissue was subsequently treated with argon plasma coagulation (APC). 
Complete and successful ablation of all high-grade dysplasia and cancer was achieved in 47 
of 48 patients. One patient with persistent cancer underwent curative esophagectomy. Most 
frequent complications included stricture formation in 11 patients (23%); photosensitivity in 
7 patients (15%); and esophageal perforation in 1 patient (2%). 

Other studies confirmed the benefits of PDT therapy (Overholt et al., 2003; Wolfsen et al., 
2004) which led to the first randomized controlled trial in patients with high-grade 
dysplasia (Overholt et al., 2005). The study included 30 sites and used a centralized 
pathology laboratory. A total of 208 patients were entered into the study and randomized in 
a 2:1 ratio to omeprazole plus PDT (138 patients) versus omeprazole alone (70 patients). 
Patients could receive up to three courses of PDT. Follow-up consisted of endoscopy and 
four-quadrant biopsies every 2 cm performed every 3 months until four consecutive 
quarterly biopsies were negative for high-grade dysplasia, then every 6 months thereafter. 
The mean follow-up was 24 months. Complete ablation of HGD was achieved in 77% of 
patients in the omeprazole plus PDT group compared to with 39% in the omeprazole alone 
group (p< 0.0001). Complete eradication of all Barrett’s esophagus and dysplasia was seen 
in 52% of patients in the PDT group compared with 7% in the omeprazole group (p< 
0.0001). There was also a significant difference in progression to cancer, with 13% of patients 
in the PDT group developing cancer compared with 28% in the omeprazole group. The most 
common PDT-related events were photosensitivity reactions (69%), esophageal strictures 
(36%), vomiting (32%), non-cardiac chest pain (20%), pyrexia (20%), and dysphagia (19%). 
The results of this study led the Food and Drug Administration to approve the use of PDT 
with porfimer sodium for the treatment of Barrett’s with high-grade dysplasia. A 5-year 
follow-up of the original study demonstrated the persistent superiority of PDT in 
eliminating high-grade dysplasia long-term (77% in the treatment group vs. 39% in the 
omeprazole group). However, only 61 patients of the 102 patients eligible were enrolled in 
the long-term follow-up phase. Progression to cancer remained significantly lower in the 
PDT group (15%) compared with 29% in the omeprazole group (p= .027). There was also a 
significantly longer time to progression to cancer favoring PDT (p= .004). 

Based on these encouraging results, multiple studies evaluated PDT for the treatment of 
patients with early esophageal cancer who are not candidates for surgical resection. 
Moghissi and colleagues reported their long-term experience in treating patients with early 
stage esophageal cancer with PDT (Moghissi et al., 2009). Among 144 patients treated with 



 
Nonsurgical Management of Esophageal Cancer 175 

PDT, 40 had T1 tumors (35 adenocarcinomas and 5 squamous cell carcinomas). At median 
follow-up of 76.1 months (range 36-150 months), 3 and 5 years or more survival were 72.5% 
and 53.8% respectively. In another study, 24 patients with early esophageal cancer were 
treated with PDT (Maunoury et al., 2005). Seventy-five percent of the patients were treated 
successfully. At a median follow-up of 21 months, 54% of patients were still alive without 
recurrence.  The authors concluded that PDT should be considered as the treatment of 
choice in patients with early esophageal cancer who are ineligible for surgical resection.    

PDT has also been combined with endoscopic mucosal resection (EMR) for treatment of 
dysplasia and intramucosal cancers in Barrett’s esophagus. In one study (Buttar et al., 2001), 
17 patients with either T0 or T1 esophageal adenocarcinoma were treated by EMR followed 
by PDT therapy. At a median follow-up of 13 months, 16 patients (94%) remained in clinical 
and histologic remission. Three patients with positive mucosal resection margins remained 
cancer-free after PDT. In a retrospective study (Prasad et al., 2009) from Mayo Clinic, 
patients with T1 esophageal adenocarcinoma in Barrett’s esophagus were treated either 
endoscopically (either EMR or EMR followed by PDT therapy) or with esophagectomy. 
There were 132 patients in the endoscopy-treated group (75 with EMR alone and 57 with 
EMR plus PDT) and 46 in the surgically treated group. Patients treated by endoscopy were 
older and had more medical comorbidities than those treated surgically. Remission was 
successful in 91% of patients treated with EMR plus PDT and in 96% of patients treated with 
EMR alone. Five-year overall survival was comparable in the endoscopy treated group 
(83%) and the surgical group (95%). In the endoscopy group, 16 patients had recurrent 
carcinomas detected during follow-up, and all except one were managed by EMR. The 
presence of residual dysplastic Barrett’s esophagus was a significant factor predicting 
recurrent carcinoma on univariate analysis.  

3.3 Response predictors  

There have been a few long-term studies evaluating predictors of response to PDT and risk 
factors for recurrence of dysplasia. In one retrospective study of 116 patients with Barrett’s 
high-grade dysplasia, and intramucosal adenocarcinoma treated with PDT, pretreatment 
length of BE was inversely correlated with successful ablation of all Barrett’s epithelium. 
The presence of intramucosal adenocarcinoma or T1 cancer was not associated with higher 
likelihood of treatment failure (Yachimski et al., 2009). In another study (Badreddine et al., 
2010) evaluating 261 patients treated with PDT with and without EMR, significant 
predictors of recurrence of dysplasia or neoplasia on multivariate analysis were older age, 
presence of residual nondysplastic Barrett’s esophagus, and history of smoking. Biomarkers 
have been examined as potential predictors of response to PDT. Using fluroscence in situ 
hybridization, one group found that p16 allelic loss predicted decreased response to PDT 
(Prasad et al., 2008). 

3.4 Complications 

The most common side effects reported within hours of PDT include chest pain, nausea, 
dysphagia and odynophagia. These are commonly treated with analgesics, both topical and 
systemic. These symptoms usually resolve within 1 to 2 weeks after therapy. Photosensitivity 
has been reported in as many as 69% of patients treated with PDT. Photosensitivity may last 
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anywhere from 4 to 8 weeks. Patients are also sensitive to strong indoor lighting. Symptoms 
may range from mild erythema to blistering and even bullae formation. However, by far, the 
most significant long term toxicity of PDT is stricture formation, reported in up to one third of 
patients (Overholt et al., 1999, 2005). The underlying mechanism of stricture formation after 
PDT might be due to deep tissue injury which leads to an aggressive fibrotic response that 
produces structuring. Risk factors for development of strictures include history of previous 
esophageal stricture, performance of EMR before PDT, and more than one PDT application in 
one treatment session (Prasad et al., 2007). Another study identified the following independent 
predictors of stricture development: longer segment Barrett’s, multiple PDT treatments, and 
evidence of intramucosal carcinoma before PDT (Yachimski et al., 2008). Other less common 
complications include fever, vomiting, cardiac arrhythmias and development of pleural 
effusions.     

3.5 PDT with 5-ALA 

In the only double-blind, randomized placebo-controlled study reported of ALA-PDT, 36 
patients with Barrett’s esophagus and low-grade dysplasia were randomized to receive oral 
ALA or placebo (Ackroyd et al., 2000). All patients were treated with green light and 
maintained on omeprazole. Responses were seen in 89% of patients in the ALA-PDT group, 
with a median decrease in area in the treated region of 30% (range, 0-60%). In the placebo 
group, a median area decrease of 0% was seen (range, 0-10%). Furthermore, there was 
complete eradication of low-grade dysplasia in all 18 patients in the ALA-PDT group, 
compared with only 6 of 18 (33%) in the placebo group (p< .001). 

The first long-term study of ALA-PDT in Barrett’s esophagus with high-grade dysplasia and 
T1 adenocarcinoma was reported by Pech and colleagues (Pech et al., 2005). A total of 66 
patients (35 with high-grade dysplasia and 31 with intramucosal cancer were treated with 
ALA-PDT. Median follow-up was 37 months. Complete remission was achieved in 34 (7%) 
of 35 patients with high-grade dysplasia. Six patients developed a recurrence or a 
metachronous lesion, but five of these underwent successful repeat treatment. In the 
intramucosal carcinoma group, complete remission was achieved in all patients but nine 
patients had recurrence of metachronous carcinoma (29%). Seven patients were successfully 
treated with ALA-PDT, one went for surgery and one was not a surgical candidate and 
received palliative treatment 2 years later. The 5-year survival was 97% in the high-grade 
dysplasia group and 80% in the carcinoma group (Pech et al., 2005).  

However, other studies of ALA-PDT have shown somewhat disappointing results (Peters et 
al., 2005) and high-recurrence rate in patients with early cancer (Pech et al., 2005). This 
variability in results could be caused by multiple factors including 5-ALA dose; light dose; 
and type of light used (green vs. red). 

In general, 5-ALA has an acceptable safety profile. The most common side effects reported 
include nausea, vomiting, hoptension and transient photosensitivity and rise in liver enzymes. 

3.6 Summary 

PDT has been a critically important tool for the advancement of endoscopic therapy for 
esophageal dysplasia and superficial carcinoma. PDT is an effective method to eradicate 
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high-grade dysplasia and to significantly reduce the risk of progression to cancer in Barrett’s 
esophagus. There are advantages of PDT over other treatment modalities including ease of 
use, the need for fewer endoscopic sessions; and when compared with surgery, reduced 
morbidity, mortality and even cost. However, in the era of newer endoscopic ablative 
methods, PDT faces a number of challenges, such as the well-described complications of 
prolonged photosensitivity, high rate of stricture formation, and the severe pain and 
discomfort caused by the photochemical reaction. Therefore, to remain a viable clinical 
option, PDT candidates should be carefully selected to obtain more uniform results, 
minimize side effects, and maximize treatment outcomes while reducing complications.      

4. Argon plasma coagulation 
Argon plasma coagulation (APC) is a noncontact thermal technique using ionized argon gas 
to deliver a monopolar high-frequency current, which effectively coagulates tissue. APC is 
applied to tissue until a white coagulum appears, and then the catheter and endoscope are 
manipulated in a vertical or circumferential linear pattern to coagulate additional tissue. The 
depth of tissue destruction is thought to be limited due to increased resistance and 
diminished current flow through coagulated tissue, although perforation has occurred with 
this technique. 

Multiple prospective studies have examined the efficacy and safety of APC for Barrett’s 
ablation. The majority of these studies enrolled patients with Barrett’s esophagus without 
dysplasia, while a few included patients with both low-grade dysplasia and high-grade 
dysplasia (Attwood et al., 2003; Pereira-Lima, et al., 2000; Ragunath et al., 2005). APC was 
effective in completely eradicating intestinal metaplasia in 58%- 100% of cases, depending 
on the series. Recurrence was seen in most studies and was reported in 3%-66% of patients 
followed.  In one trial (Attwood et al., 2003), APC was used in patients with Barrett’s 
esophagus and high-grade dysplasia with a response in 25 of 29 patients (86%). 

Serious complications and less severe side effects have been reported. Perforation, often 
requiring thoracotomy, was reported in 0%-3.6% of cases. Other serious adverse events 
include stricture formation (0%-15.4%) and major bleeding (0%-3.9%). Chest pain was 
reported frequently (1.8%-54.5%), and one study reported dysphagia and odynophagia in 
over half the patients (Pereira-Lima et al., 2000). 

Another method of ablation is Multipolar electrocoagulation (MPEC) which requires contact 
with the mucosa across the electrode contacts at the tip of the catheter. MPEC was evaluated 
in a prospective multicenter trial of patients with non-dysplastic Barrett’s esophagus 
(Sampliner et al., 2001). Among the 72 patients enrolled, 78% of patients achieved a 
complete response rate for elimination of Barrett’s esophagus. A randomized controlled trial 
compared APC with MPEC in 52 patients (Dulai et al., 2005). Residual Barrett’s esophagus 
was found in both groups and response rates were similar (MPEC 81% vs. APC 65%, 
P=0.21).  

In summary, most experts do not recommend routine ablation of nondysplastic Barrett’s 
esophagus by APC or other modality at this time. The relatively high incidence of 
complications, low rate of progression to cancer, and lack of long-term data on the 
effectiveness of eradication in preventing cancer progression confine ablation of 
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nondysplastic Barrett’s esophagus to the research setting in most cases. Ablation of high-
grade dysplasia or intramucosal carcinoma in Barrett’s esophagus has been studied, but the 
limited data available in this patient group make it difficult to recommend APC for routine 
care.    

5. Cryotherapy 

Cryotherapy is the application of extremely cold temperatures to tissues for medical 
treatment. Several agents were tried until liquid nitrogen was introduced in 1950 by 
Allington using a cotton swab applicator for the treatment of skin lesions (Allington, 1950). 
Cryotherapy destroys biological tissue through a variety of methods. These can be divided 
into immediate and delayed effects. Rapid freezing causes failure of cellular metabolism due 
to stress on lipids and proteins. Continued freezing produces extracellular ice, creating a 
hyperosmotic extracellular environment  and drawing fluid from cells. This leads to further 
damage of cell membrane resulting in cell death.  

Cryospray ablation (CSA) uses low-pressure liquid nitrogen spray delivered through a 7-Fr 
catheter passed through the working channel of a standard upper endoscope. The first 
report of the CSA device as used in humans related 11 patients with Barrett’s esophagus 
(Johnston et al., 2005). Low-grade dysplasia was present in 5 patients and high-grade 
dysplasia in 1 patient. In this pilot study, 9 of the 11 patients had complete histologic 
reversal of Barrett’s esophagus, with no dysplasia found at 6-months follow-up. No 
significant complications occurred and the treatment was well tolerated. In a subsequent 
pilot study (Dumot et al., 2007) of CSA and endoscopic mucosal resection, 30 high-risk 
patients were treated with serial cryotherapy sessions every 6 weeks until there was 
resolution of high-grade dysplasia and intramucosal carcinoma. The overall complete 
response (CR) of eliminating cancer or downgrading high-grade dysplasia was 73% for 
high-grade dysplasia and 80% for intramucosal carcinoma. 

A retrospective study reported the efficacy of endoscopic spray cryotherapy for esophageal 
cancer (Greenwald et al., 2010). In this study, there were 79 patients with esophageal 
carcinoma (60 with T1, 16 with T2, and 3 with T3-T4). Previous treatment including 
endoscopic resection, photodynamic therapy, esophagectomy, chemotherapy, and radiation 
therapy failed in 53 subjects (67%). Mean length of follow-up after treatment was 10.6 
months overall. Complete response was seen in 31 of 49 (61.2%) patients who finished 
treatment.  

A prospective study evaluated the safety and tolerability of cryotherapy in 77 patients at 
four academic medical centers in the United States (Greenwald et al., 2008). This group 
included patients with Barrett’s esophagus with high-grade dysplasia, low-grade dysplasia, 
intramucosal carcinoma and invasive carcinoma. The most common side effects in 323 
procedures included chest pain (17.6%), dysphagia (13.3%), odynophagia (12.1%), and sore 
throat (9.6%). Gastric perforation occurred in one patient with Marfan’s syndrome. Three 
patients developed esophageal strictures. 

In conclusion, there is a need for improvement to the current CSA technology. Currently, 
treatment can be limited by patient tolerance and variables outside of the physician’s 
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control. These technological advancements will provide longer spray times applied to 
thicker lesions, and provide therapeutic effect into deeper tissue levels. 

The immune reaction induced by CSA may be the most exciting feature of this therapy. 
Other heat-based ablation methods such as APC and PDT tend to cause an eschar with 
denaturated proteins compared to apoptosis induced by CSA, which may lead to immune 
system stimulation as demonstrated by the inflammatory infiltrate visible on full-thickness 
histologic specimens. 

6. Laser and thermal therapy 
Lasers have been studied in Barrett’s esophagus and esophageal cancer, including 
potassium-titanyl-phosphate (KTP), neodymium: yttrium-aluminum-garnet (Nd:YAG), and 
argon lasers. 

KTP laser treatment resulted in complete response in 10 patients with Barrett’s esophagus 
with low-grade dysplasia (4 patients), high-grade dysplasia (4 patients), and intramucosal 
carcinoma (2 patients) (Gossner et al., 1999). The KTP laser emits a light with 532 nm 
wavelength that is preferentially absorbed by hemoglobin, making it useful for vascular 
lesions. 

Nd: YAG, emitting light at 1064 nm, provides a deeper penetration as it vaporizes tissue. 
Nd: YAG laser was used in conjunction with MPEC in six patients with intramucosal 
carcinoma who were deemed to be high-risk candidates for surgery (Sharma et al., 1999). All 
patients had a complete initial response and one developed a recurrence at 36 months. In a 
large prospective randomized trial of 236 patients with advanced esophageal cancer, PDT 
and Nd: YAG were overall similarly effective in palliation of dysphagia, although PDT has 
an advantage in upper and mid-thoracic tumors and for long tumors (Lightdale et al., 1995). 
PDT was associated with fewer side effects (3% vs. 19%) excluding photosensitivity and 
perforations (1% vs. 7%). 

Thermal coagulation with a heat probe was used to treat 13 patients with nondysplastic 
Barrett’s esophagus 2-6 cm long (Michopoulos et al., 1999). Three of the 13 had 
subsquamous intestinal metaplasia and two had a relapse on follow-up thought to be due to 
noncompliance with acid suppression medications. One patient developed low-grade 
dysplasia during surveillance.      

7. Radiofrequency ablation 
Stepwise circumferential and focal radiofrequency ablation (RFA) using the HALO system is a 
relatively new endoscopic treatment modality for Barrett’s esophagus. Recent studies suggest 
that this ablation technique is highly effective in removing Barrett’s mucosa and associated 
dysplasia without the aforementioned drawbacks of other ablation techniques (Sharma et al., 
2006, 2007, 2008; Fleischer et al., 2008; Shaheen et al., 2008; Gondrie et al., 2008). 

7.1 Technique and procedure 

The HALO system comprises two distinct ablation systems: the HALO360 system for 
primary circumferential RFA and the HALO90 system for secondary focal RFA or primarily 
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as treatment for short-segment Barrett’s esophagus. Prior to circumferential RFA, a sizing 
catheter with a 4-cm long noncompliant balloon at its distal end is used to measure the inner 
esophageal diameter. Upon activation via a foot switch, the sizing balloon is inflated by the 
HALO360 energy generator, and the mean esophageal inner diameter is automatically 
calculated for the entire length of the 4-cm long ablation. Focal RFA of Barrett’s esophagus 
may be conducted with the HALO90 system, which consists of an endoscope-mounted 
ablation catheter and an energy generator similar to the HALO360 generator, but without the 
pressure: volume system.  

Stepwise circumferential and focal ablation of a Barrett’s esophagus generally starts with 
a circumferential ablation procedure using the HALO360 system, which comprises the 
following steps: recording esophageal landmarks, sizing inner esophageal diameter, 
selecting the appropriate HALO360 ablation catheter, first circumferential ablation pass, 
cleaning procedure between ablation cycles, and second ablation pass. A minimum of 8 
weeks after the first circumferential ablation treatment, patients are rescheduled to 
undergo a second ablation. Patients with residual circumferential Barrett’s esophagus 
greater than 2 cm in size and/or multiple isles or tongues are treated with a second 
circumferential ablation. Patients with an irregular Z-line, small tongues, circumferential 
extent below 2 cm, or diffuse isles are treated with focal ablation using the HALO90 
system.  

Post-treatment care includes proper acid suppressant therapy to minimize patient 
discomfort and to allow the esophagus to heal optimally and regenerate with squamous 
epithelium. Patients should be prescribed high-dose proton-pump inhibitors as maintenance 
medication. Additional H2-receptor antagonists and sucralfate can be prescribed. After RFA, 
patients are advised to adhere to a liquid diet for 24 hours, then they may gradually expand 
to a soft and then normal diet. Patients may experience symptoms of chest discomfort, sore 
throat, difficulty or pain with swallowing, and/or nausea. Proposed analgesic measures are 
viscous lidocaine, liquid acetaminophen with or without codeine, and antiemetic 
medication. 

Two to three months after the last treatment, the absence of residual Barrett’s epithelium is 
verified by endoscopic inspection. A strict biopsy protocol should be applied with four-
quadrant biopsies immediately distal (< 5 mm) to the neosquamocolumnar junction and 
every 1-2 cm of the neosquamous epithelium. Since no long-term follow-up data after RFA 
are available thus far, it is recommended to schedule patients for follow-up endoscopy 2 and 
6 months after the last treatment and then annually. 

7.2 Role of RFA in Barrett’s esophagus 

Patients with visible abnormalities in a Barrett’s esophagus containing intramucosal 
carcinoma or high-grade dysplasia may be treated with RFA, but only after endoscopic 
resection of the intramucosal carcinoma or visible lesion. First, endoscopic resection permits 
optimal histopathological staging of a lesion, enabling patients with intramucosal carcinoma 
and a low risk of lymph node involvement to be selected for endoscopic treatment (Gondrie 
et al., 2008; Peters et al., 2008). Second, RFA should be performed on a flat mucosa to ensure 
that the uniform ablation depth, as uniquely effected by the HALO system, truly reaches as 
deep as the muscularis mucosae. 
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Patients with Barrett’s esophagus with high-grade dysplasia seem to be ideal candidates for 
RFA, since eradication of their dysplastic Barrett’s esophagus may prevent development of 
intramucosal carcinoma. Proper selection of these patients is, however, of the utmost 
importance. Patients should have no visible lesions: these require endoscopic resection for 
optimal staging and treatment.    

Studies in the United States on the use of RFA for low-grade dysplasia have shown an 
excellent efficacy and safety profile (Sharma et al., 2006, 2008; Shaheen et al., 2008), which 
has led several centers to accept low-grade dysplasia as an indication for RFA treatment. In 
Europe, low-grade dysplasia is currently treated by RFA only in clinical trials. These 
differences are mainly driven by cultural approaches; studies comparing the rate of cancer 
development in patients treated with RFA and patients undergoing surveillance, as well as 
future studies on molecular and oncogenic markers that may predict malignant progression, 
may shed more light on which approach is to be preferred in these patients. 

Although RFA seems a very promising ablation modality for Barrett’s esophagus, there are 
still some unclear issues that need to be studied further, especially relating to its long-term 
efficacy. Since the risk of progression to cancer in patients with nondysplastic Barrett’s 
esophagus is small, RFA is still controversial in such patients. Hopes are set on the future 
development of biological markers for risk stratification to decide which patients with 
nondysplastic Barrett’s esophagus are at risk of malignant progression and would benefit 
from RFA.      

7.3 Clinical trials 

A number of prospective clinical studies were initiated to evaluate the safety and efficacy of 
RFA in the whole spectrum of Barrett’s esophagus patients: nondysplastic Barrett’s 
esophagus (Sharma et al., 2007; Fleischer et al., 2008), low-grade dysplasia (Sharma et al., 
2006, 2008; Shaheen et al., 2008), and intramucosal carcinoma (Gondrie et al., 2008; 
Westerterp et al., 2005). 

In the AIM trial reported by Sharma et al., 102 patients with nondysplastic Barrett’s 
esophagus were included and treated with RFA. In the second phase of the trial, complete 
eradication of intestinal metaplasia at 12 months was achieved in 48 of 70 subjects (70%) 
using only the HALO360 system for circumferential ablation (Sharma et al., 2007). Additional 
ablation of residual’s Barrett’s esophagus by the HALO90 system resulted in complete 
clearance of intestinal metaplasia in 97% of patients at 30 months follow-up (Fleischer et al., 
2008). None of the patients from the AIM trial presented with esophageal stenosis , and no 
buried Barrett’s glands were found in any of the more than 4000 nonsquamous biopsies 
obtained during follow-up (Sharma et al., 2007; Fleischer et al., 2008). 

In a prospective cohort of 63 patients with low-grade dysplasia (n=39) and high-grade 
dysplasia (n=24) at the Mayo Clinic with a median follow-up of 24 months, Sharma et al. 
reported an overall complete response for intestinal metaplasia of 79% and a complete 
response for dysplasia of 89%. For the low-grade dysplasia cohort, complete response was 
87% for intestinal metaplasia and 95% for dysplasia. For the high-grade dysplasia cohort, 
complete response was 67% for intestinal metaplasia and 79% for dysplasia (Sharma et al., 
2006). 
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For ablation of Barrett’s esophagus in patients with low-grade dysplasia and high-grade 
dysplasia, the strongest evidence that RFA reduces the risk of malignant progression 
comes from the randomized controlled trial by Shaheen et al. (Shaheen et al., 2009) that 
was conducted in 19 centers in the United States. A total of 127 patients with dysplastic 
Barrett’s esophagus were randomized to RFA or sham (2:1).  In the intention-to-treat 
analyses, among patients with low-grade dysplasia, complete eradication of dysplasia 
occurred in 90.5% of those in the ablation group, as compared with 22.7% of those in the 
control group (P<0.001). Among patients with high-grade dysplasia, complete eradication 
occurred in 81.0% of those in the ablation group, as compared with 19.0% of those in the 
control group (P<0.001). Overall, 77.4% of patients in the ablation group had complete 
eradication of intestinal metaplasia as compared with 2.3% of those in the control group 
(P<0.001). Patients in the ablation group had less disease progression (3.6% vs. 16.3%, 
P=0.03) and fewer cancers (1.2% vs. 9.3%, P=0.045). Patients reported having more chest 
pain after the ablation procedure than after the sham procedure. In the ablation group, 
one patient had upper gastrointestinal hemorrhage, and five patients (6.0%) had 
esophageal stricture.  

Gondrie et al. reported on a total of 23 patients with high-grade dysplasia and/or 
intramucosal carcinoma, of whom 13 underwent endoscopic resection of visible lesions 
prior to RFA (Gondrie et al., 2008). After a median of 1.5 circumferential and 2.6 focal 
ablation sessions, complete eradication of all dysplasia and intestinal metaplasia was 
achieved in all patients (100%). There were no adverse events. An important observation 
from the studies by Gondrie et al. is the possibility of resecting areas of Barrett’s mucosa that 
persist after multiple RFA sessions. This may be a significant advantage compared to other 
endoscopic ablation techniques that typically result in submucosal scarring, which makes 
escape treatment with endoscopic resection complicated. Compared to the 0%-56% stricture 
rate associated with other endoscopic ablation techniques (Overholt et al., 2003; Peters et al., 
2005; Hage et al., 2004; Schulz et al., 2000; Van Laethem et al., 2001), the minimal rate of 
esophageal stenosis reported in the trials discussed above is encouraging. In addition, RFA 
does not impair the functional integrity of the esophagus (Beaumont et al., 2007). It has been 
shown that stepwise circumferential and focal ablation of Barrett’s esophagus with high-
grade dysplasia results in restoration of normal-appearing neosquamous mucosa without 
any of the oncogenetic abnormalities present before treatment (Gondrie et al., 2007). These 
important findings were confirmed in another study suggesting that the neosquamous 
tissue holds no residual malignant potential (Finkelstein & Lyday, 2008).  

7.4 Summary 

Current data suggest that RFA is an encouraging modality for eradication of Barrett’s 
esophagus, with many appealing aspects. RFA has been proven to be highly effective in 
eradicating intestinal metaplasia and its associated dysplasia; it has a low complication rate, 
preserves the functional integrity of the esophagus, and is relatively easy to apply; and the 
regenerating neosquamous epithelium is free of the pre-existing oncogenetic alterations. 
There are, however, still some unanswered questions concerning the optimal use of the 
HALO90 catheter, the optimal combination of endoscopic resection with RFA, the presence 
of buried Barrett’s glands following RFA, and whether the effect is maintained on the long 
run. For patients with intramucosal carcinoma and high-grade dysplasia, RFA appears to be 
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a valid and less invasive alternative to PDT, APC or esophagectomy, albeit after endoscopic 
resection of intamucosal carcinoma and visible lesions. For patients with low-grade 
dysplasia or nondysplastic Barrett’s esophagus, RFA treatment is more debatable but 
justified in some selected patients. Further clinical studies, data from long-term follow-up 
after RFA, and development of biological markers to predict malignant progression of 
intestinal metaplasia will elucidate the question of which patients should be treated with 
RFA for eradication of Barrett’s esophagus.       

8. Primary nonsurgical therapy 
There is considerable controversy as to the ideal therapeutic approach for esophageal 
cancer. Definitive therapy for esophageal cancer is either surgical or nonsurgical. Although 
the overall results of these two approaches are similar, the patient population selected for 
treatment with each modality is usually different. For multiple reasons, this results in a 
selection bias against the nonsurgical group. First, patients with unfavorable prognostic 
features are more likely selected for treatment with nonsurgical therapy. These features 
include medical contraindications and primary unresectable or metastatic disease. Second, 
surgical series report results based on pathologically determined stage, whereas nonsurgical 
series report results based on clinically determined stage. Pathologic staging has the 
advantage of excluding some patients with metastatic disease not identified during clinical 
staging. Third, patients treated without surgery are approached in a palliative rather than a 
curative fashion. Therefore, the intensity of   chemotherapy and the doses of radiation 
therapy might be suboptimal.  

In staging esophageal cancer preoperatively not only CT and EUS are used, but the efficacy 
of FDG-PET must be emphasized. Studies have examined the effectiveness of PET in the 
staging of esophageal cancer. After standard staging for esophageal cancer (including CT 
and endoscopy), undetected metastatic disease was identified by PET in 15% of patients in 
the series by Flamen et al (Flamen et al., 2002) and in 20% of patients in the series by 
Downey and associates (Downey et al., 2003). Therefore, PET’s use is highly encouraged for 
all patients who are selected for a nonoperative approach.  

8.1 Radiation therapy  

The 1992–1994 Patterns of Care study examined 400 patients treated at 61 academic and 
nonacademic radiation oncology practices to determine practice patterns in the United 
States (Coia et al., 2000). During that period, treatment approaches included primary 
chemoradiation, 54%; radiation alone, 20%; preoperative chemoradiation, 13%; 
postoperative combined modality therapy, 8%; postoperative radiation, 4%; and 
preoperative radiation, 1%. In another study, Patterns of Care analysis from 1996 to 1999, 
414 patients who received radiation therapy as part of definitive or adjuvant management at 
59 institutions were surveyed (Suntharalingam et al., 2003). Compared with the 1992–1994 
survey, more patients underwent EUS staging (18% vs. 2%; P <.0001) and more patients 
received preoperative chemoradiation (27% vs. 10%; P = .007); preoperative chemoradiation 
was used more frequently in the subset of patients with adenocarcinoma (46% vs. 19%; P = 
.0002), and the use of paclitaxel-based chemotherapy increased (22% vs. 0.2%; P = .001). 
Brachytherapy was used in 6% of patients. In a similar patterns of care study of 767 patients 
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treated in Japan from 1998 to 2001, 220 (28%) received preoperative or postoperative 
radiation or both, with or without chemotherapy (Gomi et al., 2003).  

The effect of histologic type (adenocarcinoma vs. squamous cell carcinoma) is unclear. At 
present, the data is conflicting, with some series reporting different results by histologic type 
but other series reporting no difference. Fortunately, the current Intergroup randomized 
trials stratify patients by histologic type. Until these data are available and more mature, the 
impact of histologic type cannot be adequately assessed, and it is reasonable to treat both 
types of lesions in a similar fashion.  

8.1.1 Radiation therapy alone 

Multiple series have reported the results of external-beam radiation therapy alone for 
patients with esophageal cancer. Most include patients with unfavorable features such as 
clinical T4 disease and multiple positive lymph nodes. For instance, in the series of De-Ren, 
184 of the 678 patients had stage IV disease (De-Ren, 1989). Overall, the 5-year survival rate 
for patients treated with conventional doses of radiation therapy alone is 0% to 10% (De-
Ren, 1989; Newaishy et al., 1982; Okawa et al., 1989). The use of radiation therapy as a 
potentially curative modality requires doses of at least 50 Gy at 1.8 to 2.0 Gy/fraction. Shi 
and colleagues reported a 33% 5-year survival rate with the use of late-course accelerated 
fractionation to a total dose of 68.4 Gy (Shi et al., 1999). However, in the radiation-therapy-
alone arm of the RTOG 85-01 trial in which patients received 64 Gy at 2 Gy/d with modern 
techniques, all patients were dead of their disease by 3 years (Herskovic et al., 1992; Al-
Sarraf et al., 1997).   

There is limited experience in the use of radiation therapy alone for patients with superficial 
(Seki et al., 2001) or clinically determined T1 disease (Nemoto et al., 2002). The trial by Sykes 
et al. was limited to 101 patients (90% with squamous cell carcinoma) with tumors smaller 
than 5 cm who received 45 to 52.5 Gy in 15 to 16 fractions. The 5-year survival was 20% 
(Sykes et al., 1998). Overall, these data indicate that radiation therapy alone should be 
reserved for palliation or for patients who are medically unable to receive concurrent 
chemoradiotherapy. The results of definitive chemoradiation are more favorable, and it 
remains the standard of care.  

8.1.2 Radiation therapy techniques 

Radiation field design for esophageal cancer requires careful techniques in order to achieve 
optimal results (Phillips et al., 1998). There are a number of sensitive organs that, depending 
on the location of the primary tumor, may be in the radiation field. These include skin, 
spinal cord, lung, heart, intestine, stomach, kidney, and liver. Minimizing the dose to these 
vital structures while delivering an adequate dose to the primary tumor and local-regional 
lymph nodes requires patient immobilization and CT-based treatment planning for organ 
identification, lung correction, and development of dose-volume histograms. Although CT 
can accurately identify adjacent organs and structures, it may be limited in defining the 
extent of the primary tumor. Among radiation oncologists, there is significant inconsistency 
in defining the planning target volume, both in the transverse and longitudinal dimensions. 
Therefore, in addition to a CT scan, it is always helpful to obtain a barium swallow test at 
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the time of radiation therapy simulation. The integration of other imaging modalities such 
as EUS, PET, and magnetic resonance imaging into radiation treatment planning remains 
under investigation. 

In one study reported by Tai et al., 12 Canadian radiation oncologists drew cervical 
esophagus target volumes based on the RTOG 94-05 protocol design both before and after a 
one-on-one training session (Tai et al., 2002). Pretraining and posttraining survey revealed 
less variability in the longitudinal positions of the target volumes after training, which 
illustrates the importance of specialized training. In another study, Nutting et al. compared 
two-phase conformal radiotherapy with intensity-modulated radiotherapy (IMRT) in five 
patients who received 55 Gy of radiation plus concurrent chemotherapy (Nutting et al., 
2001). Treatment plans using both techniques were carried out and were compared using 
dose-volume histograms and normal tissue complication probabilities. The IMRT using nine 
equispaced fields did not add any improvement over conformal radiation because the larger 
number of fields in the IMRT plan distributed a low dose over the entire lung. In contrast, 
IMRT using four fields equal to the conformal fields offered an improvement in lung 
sparing.  

In the treatment of esophageal cancer, radiation oncologists usually treat tumors at or above 
the carina as a cervical primary and the supraclavicular nodes are included in the radiation 
field. Tumors below the carina but not extending to the gastroesophageal junction are 
considered mid-esophageal, and the radiation field does not include the supraclavicular or 
celiac nodes. Tumors that involve the gastroesophageal junction are considered distal and 
the celiac nodes are included. This simple and practical definition is helpful in designing 
radiation therapy fields.  

The standard radiation dose for patients selected for curative nonoperative chemoradiation 
is 50.4 Gy at 1.8 Gy/fraction. The radiation field should include the primary tumor with 5-
cm superior and inferior margins and 2-cm lateral margins. The primary local-regional 
lymph nodes should receive the same dose. 

For cervical esophageal tumors, patients are placed supine. Field designs include a three-
field plan (two anterior oblique fields and a posterior field) or, more commonly, 
anteroposterior-posteroanterior to 39.6 to 41.4 cGy followed by a left or right opposed 
oblique pair with photons plus an electron boost to the contralateral supraclavicular area, 
both to a total dose of 50.4 Gy. For mid-esophageal tumors, patients are placed prone to help 
exclude the spinal cord from the radiation field and a four-field design is used 
(anteroposterior, posteroanterior, and opposed lateral fields). For distal tumors, patients are 
treated supine using the same four-field technique. Caution should be taken to exclude as 
much of the normal stomach as possible, especially if the patient is receiving radiation 
preoperatively. CT-based three-dimensional treatment planning should be performed, and 
all fields should be treated each day. Dose-volume histograms help guide the radiation 
oncologist in choosing a radiation plan that minimizes the loss of normal organ function.  

In the palliative setting there are a variety of radiation treatment regimens. Because the goal 
is rapid palliation of symptoms, the most common approach is to treat anteroposteriorly 
and posteroanteriorly, including the primary tumor with 2-cm margins, in ten 3-Gy 
fractions to a total dose of 30 Gy.  
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The most critical normal structures that lie in proximity to the esophagus are the spinal cord, 
heart, lungs, and kidneys. When radiation is combined with chemotherapy, the radiation 
fractionation should be 1.8 Gy/d. The spinal cord dose should not exceed 45 Gy. All fields 
should be treated each day. Doses to the heart, lungs, and kidneys depend to a large extent 
on the volume of these organs in the treatment field. Dose-volume histograms are the most 
effective way to modify treatment techniques to decrease the acute and long-term radiation-
related toxicity. In the rare situations when whole heart irradiation is needed, the dose 
should be limited to 25 to 30 Gy. In the thorax, radiation fields frequently include substantial 
volumes of lung, especially with oblique or lateral fields. Decreased pulmonary function 
occurs after irradiation, particularly if large volumes of lung are exposed to doses greater 
than 20 Gy. There is progressive decreased ventilatory and diffusing capacity as a result of 
endothelial degeneration and interstitial fibrosis. Fields that include such substantial 
volumes of lung should be limited to 20 Gy. Except for the spinal cord, it is acceptable for 
small volumes of normal tissue in immediate proximity to the esophagus to receive doses as 
high as 60 Gy. However, because the standard total dose of radiation is 50.4 Gy, this degree 
of inhomogeneity should be uncommon. Fortunately, even with tumors as distal as the 
gastroesophageal junction, there is a limited amount of liver and kidney in the treatment 
fields.  

8.2 Combined chemoradiation 

There are multiple single-arm, nonrandomized trials of chemoradiation alone and they have 
included patients with disease at different stages (Seitz et al., 1990; Izquiredo et al., 1993; 
Coia et al., 1991;Valerdi et al., 1994; Poplin et al., 1996). Few series examined patients with 
T1 or T2 disease (Seki et al., 2001; Coia et al., 1991; Nemoto et al., 2001). In the series 
reported by Coia and associates, patients received 60 Gy of radiation therapy concurrently 
with intravenous 5-FU and mitomycin C (Coia et al., 1991). For stage I and II disease, the 
local failure rate was 25%, the 5-year actuarial local relapse-free survival and overall 
survival were 70% and 30% respectively.  

Thirteen randomized trials compared radiation therapy alone with chemoradiation. Major 
trials are summarized in Table 1. 

In a pooled analysis of these trials (Wong & Malthaner 2006, 2010), concomitant 
chemoradiotherapy provided significant overall reduction in mortality at 1 and 2 years. The 
mortality in the control arms was 62% and 83% respectively. Combined chemoradiotherapy 
provided an absolute reduction of mortality by 7% and 7% respectively. In addition, there 
was a reduction in the overall local recurrence rate. The local recurrence rate for the control 
arms was in the order of 68%. Combined chemoradiothrapy provided an absolute reduction 
of local recurrence rate of 12%.  However, chemoradiation was associated with a significant 
increase in adverse effects, including life-threatening toxicities.  

In the ECOG EST-1282 trial (Araujo et al., 1991),patients who received combined modality 
therapy had a significantly increased median survival compared with those receiving 
radiation alone (15 months vs. 9 months; P = .04) but experienced no improvement in 5-year 
survival (9% vs. 7%). However, this was not a pure nonsurgical trial because approximately 
50% of patients in each arm underwent surgery after receiving 40 Gy of radiation.  The 
operative mortality was 17%.  
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Series Patients 
(n) 

Overall 
Survival (%) 

Median 
Survival 
(months) 

Local 
Failure (%) 

Herskovic et al. (RTOG)  
(Herskovic et al., 1992; Al-Sarraf 
et al., 1997; Cooper et al., 1999) 

    

Radiation alone 62 0   at 5-yr 9 68 
Combined therapy 61 27  at 5-yr 

22  at 8-yr 
14 47 

Combined therapy 69 NR 17 52 
Araujo et al. (NCI Brazil)  
(Araujo et al., 1991) 

    

Radiation alone 31 6   at 5-yr  84 
Combined therapy 28 16  61 

Roussel et al. (EORTC)  
(Roussel et al., 1988) 

    

Radiation alone 69 6   at 3-yr   

Combined therapy 75 12   

Nygaard et al. (Scandinavia)  
(Nygaard et al., 1992) 

    

Radiation alone 51 6   at 3-yr   

Combined therapy 46 0   

Smith et al. (ECOG-EST 1282)   
(Smith et al., 1998) 

    

Radiation alone 60 7   at 5-yr 9  

Combined therapy 59 9 15  

Slabber et al. (Pretoria)  
(Slabber et al., 1998) 

    

Radiation alone 36  5  

Combined therapy 34  6  

Table 1. Randomized Trials of Radiation Therapy versus Combined Modality Therapy for 
Esophageal Cancer. 

The trial that was designed to deliver adequate doses of systemic chemotherapy with 
concurrent radiation therapy was the RTOG 85-01 trial reported by Herskovic et al. 
(Herskovic et al., 1992; Al-Sarraf et al., 1997; Cooper et al., 1999). This Intergroup trial 
primarily included patients with squamous cell carcinoma. Patients received four cycles of 
5-FU (1000 mg/m2/24 h x 4 days) and cisplatin (75 mg/m2 on day 1). Radiation therapy (50 
Gy at 2 Gy/d) was given concurrently with day 1 of chemotherapy. After radiation therapy 
is finished, cycles 3 and 4 of chemotherapy were delivered every 3 weeks (weeks 8 and 11) 
rather than every 4 weeks (weeks 9 and 13). This intensification may explain, in part, why 
only 50% of the patients finished all four cycles of the chemotherapy. The control arm was 
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given radiation therapy alone, albeit at a higher dose (64 Gy) than the chemoradiation arm. 
Patients who received chemoradiation had a significant improvement in median survival 
(14 months vs. 9 months) and 5-year survival (27% vs. 0%; P <.0001) (81). There was a clear 
plateau in the survival curve. Minimum follow-up was 5 years, and the 8-year survival was 
22% (Cooper et al., 1999). Histologic type did not significantly influence the results: 21% of 
patients with squamous cell carcinomas (n = 107) were alive at 5 years compared with 13% 
of patients with adenocarcinoma (n = 23) (P was not significant). Although African 
Americans had larger primary tumors and all were squamous cell cancers, there was no 
difference in their survival compared with whites (Streeter et al., 1999). The incidence of 
local failure as the first site of failure (defined as local persistence or recurrence) was also 
decreased in the combined modality arm (47% vs. 65%). The protocol was closed early due 
to the positive results; however, after this early closure, an additional 69 eligible patients 
were treated with the same chemoradiation regimen. In this nonrandomized combined 
modality group, the 5-year survival was 14% and local failure was 52%.  

Chemoradiation not only improves the results compared with radiation alone but also is 
associated with a higher incidence of toxicity. In the 1997 report of the RTOG 85-01 trial, 
patients who received chemoradiation had a higher incidence of acute grade 3 toxicity (44% 
vs. 25%) and acute grade 4 toxicity (20% vs. 3%) compared with those who received 
radiation therapy alone. Including the one treatment-related death (2%), the incidence of 
total acute grade 3+ toxicity was 66% (81). The 1999 report examined late toxicity. The 
incidence of late grade 3+ toxicity was similar in the combined modality arm and in the 
radiation-alone arm (29% vs. 23%) (94). However, grade 4+ toxicity remained higher in the 
combined modality arm (10% vs. 2%). Interestingly, the nonrandomized chemoradiation 
group experienced a similar incidence of late grade 3+ toxicity (28%) but a lower incidence 
of grade 4 toxicity (4%), and there were no treatment-related deaths.  

Based on the positive results from the RTOG 85-01 trial, the standard nonsurgical treatment 
for esophageal carcinoma became chemoradiation. However, the local failure rate in the 
RTOG 85-01 chemoradiation arm was still high at 45%, and there is room for improvement. 
Therefore, new approaches such as intensification of chemoradiation and escalation of the 
radiation dose have been developed in an attempt to help improve these results.  

8.3 Comparison of definitive chemoradiation and surgery  

There are a number of trials comparing preoperative chemoradiation with surgery alone. 
However, there is limited data regarding the direct comparison of the two standard 
treatments for nonmetastatic esophageal cancer: concurrent chemoradiation and surgery 
alone. The positive results of RTOG 85-01, demonstrating a 27% 5-year survival rate for 
patients treated with definitive chemoradiation compared with no 5-year survival after 
treatment with radiotherapy alone, is a major advance. This treatment option has influenced 
the selection of patients for nonsurgical management because it provides an acceptable 
alternative for restoring swallowing function in patients with locally advanced disease for 
whom surgery would be mainly palliative.  

For patients with earlier-stage disease that appears resectable, definitive chemoradiation 
may also be appropriate treatment; however, prospective randomized trials comparing this 
approach with surgery, stratified by stage, have yet to be performed. Nonetheless, some 
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series suggest that the nonsurgical approach offers a survival rate that is the same or better 
than that achievable with surgery alone. For example, the median survival time and 5-year 
survival rate were 14 months and 27%, respectively, in the chemoradiation arm of RTOG 85-
01 and 20 months and 20%, respectively, in INT 0122 (Minsky et al., 1999). In comparison, 
the median survival in the surgical control arm of the Dutch trial reported by Kok et al (Kok 
et al., 1997) was 11 months, and the median survival time and 5-year survival rate in the 
surgical control arm of INT 0113 were 16 months and 20%, respectively. Likewise, the local 
failure rates were similar. The incidence of local failure as the first site of failure was 45% in 
RTOG 85-01 and 39% in INT 0122. Although local failure as the first site of failure was 31% 
in INT 0113, this analysis was limited to patients who underwent a complete resection with 
negative margins (R0 resection). Because an additional 30% of patients had residual local 
disease, if one were to score these patients also as having locally persistent disease (as was 
done in the RTOG 85-01 analysis), the comparable local failure rate with surgery alone 
would be 30% + 31% = 61%. The treatment-related mortality rates were also similar (2% in 
RTOG 85-01, 9% in INT 0122, and 6% in INT 0113). 

Chiu et al. (Chiu et al., 2005) conducted a prospective randomized trial that compared the 
efficacy and survival outcome of chemoradiation with that of esophagectomy as a curative 
treatment. In this multicenter trial, 80 patients with potentially resectable squamous cell 
carcinoma of the mid or lower thoracic esophagus were randomized to esophagectomy or 
chemoradiotherapy. Patients treated with chemoradiotherapy received continuous 5-
fluorouracil infusion (200 mg/m2/day) from day 1 to 42 and cisplatin (60 mg/m2) on days 1 
and 22. The tumor and regional lymphatics were concomitantly irradiated to a total of 50–60 
Gy. Salvage esophagectomy was performed for incomplete response or recurrence. Forty-four 
patients received standard esophagectomy, whereas 36 were treated with chemoradiotherapy. 
Median follow-up was 6.9 months. There was no difference in either survival or disease-free 
survival between the two groups. Patients treated with surgery had a slightly higher 
proportion of recurrence in the mediastinum, whereas those treated with chemoradiation 
sustained a higher proportion of recurrence in the cervical or abdominal regions. 

In summary, the local failure, survival, and treatment-related mortality rates for nonsurgical 
and surgical therapies are similar. Although the results are comparable, it is clear that both 
the nonsurgical and surgical approaches have limited success.  

8.4 Necessity for surgery after chemoradiation  

Two trials examined whether surgery is necessary after chemoradiation. The Federation 
Francaise de Cancerologie Digestive (FFCD) trial addresses the issue of whether patients 
who respond midway through chemoradiation should continue with the treatment or 
undergo surgery (Bedenne et al., 2007). The German Oesophageal Cancer Study Group 
examined the question of whether chemoradiation followed by surgery is equivalent to 
nonoperative chemoradiation (Stahl et al., 2005).  

In the FFCD 9102 trial, all 445 patients with clinically resectable T3 to 4 N0 to 1 M0 squamous 
cell carcinoma or adenocarcinoma of the esophagus received chemoradiation; however, the 
randomization was limited to patients who responded to initial chemoradiation. Patients 
initially received two cycles of 5-FU and cisplatin plus concurrent radiation (either 46 Gy at 2 
Gy/d or a split-course regimen of 15 Gy in weeks 1 and 3) (Bedenne et al., 2007). The 259 
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patients who had at least a partial response were then randomly assigned to receive surgery or 
additional chemoradiation, which included three cycles of 5-FU and cisplatin, plus concurrent 
radiation (either 20 Gy at 2 Gy/d or split-course 15 Gy). There was no significant difference in 
2-year survival (34% for those undergoing surgery vs. 40% for those receiving chemoradiation; 
P = .56) or median survival (18 months for the surgery group vs. 19 months for the 
chemoradiation group). Two-year local control rate was 66.4% in arm A compared with 57.0% 
in arm B, and stents were less required in the surgery arm (5% in arm A v 32% in arm B; P < 
.001). The 3-month mortality rate was 9.3% in arm A compared with 0.8% in arm B (P = .002). 
Cumulative hospital stay was 68 days in arm A compared with 52 days in arm B (P = .02). The 
data suggest that patients who initially respond to nonoperative chemoradiation should 
complete chemoradiation rather than stop and undergo surgery. As measured using the 
Spitzer index, there was no difference in global quality of life; however, a significantly greater 
decrease in quality of life was observed in the postoperative period in the surgery arm (7.52 vs. 
8.45; P <.01) (Bonnetain et al., 2006). 

The German Oesophageal Cancer Study Group compared preoperative chemoradiation 
followed by surgery with chemoradiation alone (Stahl et al., 2005). In this trial, 177 patients 
with uT3–4N0–1M0 squamous cell cancers of the esophagus were randomly assigned to 
receive preoperative therapy (three cycles of 5-FU, leucovorin, etoposide, and cisplatin, 
followed by concurrent etoposide and cisplatin, plus 40 Gy of radiation) followed by 
surgery or chemoradiation alone (the same chemotherapy regimen, but the radiation dose 
was increased to 60 Gy). Despite an improvement in 2-year progression free survival for 
those who were randomly assigned to receive preoperative therapy followed by surgery 
compared with those receiving chemoradiation alone (64% vs.41%), there was no significant 
difference in overall survival.. The results of this trial were updated at ASCO in 2008 which 
showed no significant improvement in 5-year survival between the two arms but persistent 
benefit of local control with the surgery arm. Although the difference in the radiation dose 
in the two arms makes the interpretation of the data difficult, there does not appear to be a 
benefit to surgery after nonoperative chemoradiation.  

8.5 Tumor markers and predictors of response to chemoradiation  

It would be important to predict which tumors have a higher likelihood of responding to 
radiation or chemoradiation. In 38 patients with squamous cell carcinoma who received 
chemoradiation with or without surgery, tumors without p53 expression and tumors with 
weak Bcl-X L expression showed a higher response to chemotherapy (56% and 53%, 
respectively) than tumors positive for p53 or with strong Bcl-X L expression (30% and 32%, 
respectively; P not significant) (Sarbia et al., 1998). After preoperative chemoradiation, 
patients with p53-negative tumors had a significantly better mean survival than those with 
p53-positive tumors (31 months vs. 11 months; P = .0378). By multivariate analysis, Pomp et 
al. found that overexpression of p53 resulted in a decrease in survival in 69 patients with 
squamous cell carcinoma or adenocarcinoma treated with radiation alone (Pomp et al., 
1998). In one study, there was a correlation between decreasing levels of four phospholipids 
and increasing T stage and grade (Merchant et al., 1999).  

Kishi and associates reported that, of 77 patients treated with chemoradiation for squamous 
cell cancer, those with p53- and metallothionein-positive tumors had a poor response to 
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treatment, whereas strong expression of CDC25B was associated with a good response 
(Kishi et al., 2002). In 73 patients with T2 to 4 M0 esophageal cancer treated with 60 Gy of 
radiation plus 5-FU and cisplatin, Hironaka et al. examined pretreatment biopsy specimens 
for a variety of markers, including p53, Ki-67, EGF receptor, cyclin D1, vascular endothelial 
growth factor, microvessel density (MVD), thymidylate synthase, dihydropyrimidine 
dehydrogenase, and glutathione S-transferase (Hironaka et al., 2002). By multivariate 
analysis MVD, T stage, and performance status were independent prognostic variables (P = 
.002, .02, and .02, respectively). Patients with high-MVD tumors had a better 3-year survival 
rate than those with low-MVD tumors (61% vs. 33%; P = .02). Morita et al. found that 
patients with lymphocyte infiltration around the tumor had a 5-year survival rate of 46% to 
76% compared with 28% (P <.05) in patients whose tumors did not have lymphocytic 
infiltration (Morita et al., 2001). With the further discovery and understanding of various 
tumor suppressor genes, these data may be used to help select patients for chemoradiation. 

8.6 Intensification of chemoradiation  

The phase II Intergroup trial 0122 [ECOG PE289/RTOG 90-12] was designed to intensify 
treatment in the RTOG 85-01 combined modality arm (102). Both the chemotherapy and 
radiation therapy in INT 0122 were intensified as follows: (1) the 5-FU continuous infusion 
(1000 mg/m2/24 hours) was increased from 4 days to 5 days, (2) the total number of cycles 
of chemotherapy was increased from four to five cycles, (3) three cycles of full-dose 
neoadjuvant 5-FU and cisplatin were delivered before the start of chemoradiation, and (4) 
the radiation dose was increased from 50 Gy to 64.8 Gy. In this study, 38 patients with 
squamous cell carcnoma were eligible. The primary tumor response rate was as follows: 
47% complete response, 8% partial response, and 3% stable disease (Kelsen et al., 1990). The 
first site of clinical treatment failure was local in 39% and distant in 24%. In the total patient 
group, there were six deaths during treatment, four of which were treatment related (9% of 
45 patients). The median survival time was 20 months and the 5-year actuarial survival rate 
was 20%. Unfortunately, this intensive neoadjuvant approach did not appear to offer a 
benefit compared with conventional doses and techniques of chemoradiation. Similar 
toxicities were reported by Ishikura et al. for 139 patients with squamous cell cancers treated 
with 5-FU, cisplatin, and 60 Gy of radiation (Ishikura et al., 2003). 

A limited number of phase I and II trials have tested the use of neoadjuvant chemotherapy 
before radiation therapy or chemoradiation. Valerdi et al. reported the results for 40 patients 
with clinical stage II and III squamous cell cancers who received two cycles of neoadjuvant 
cisplatin, vindesine, and bleomycin (days 1 and 29) followed by 60 Gy of radiation (Valerdi 
et al., 1994). In contrast with the INT 0122 trial, no chemotherapy was delivered with the 
radiation therapy. The pathologically determined complete response rate was 53%. After a 
median follow-up of 78 months, the local failure rate was 62%, the median survival time was 
11 months, and the 5-year actuarial survival rate was 15%. These results are similar to those 
obtained for the RTOG 85-01 combined modality arm with the exception of the higher 
treatment-related death rate of 5%.  

Using a five-drug neoadjuvant regimen, Roca and colleagues treated 55 patients (54 with 
squamous cell cancer) with bolus cisplatin, 5-FU, leucovorin, bleomycin, and mitomycin C 
for 15 days followed by 60 Gy of radiation plus concurrent chemotherapy with 5-FU, 
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leucovorin, and cisplatin (Roca et al., 1996). No maintenance chemotherapy was delivered. 
Patients with lesions at all anatomic sites within the esophagus were eligible and 53% had 
clinical stage III disease. Although the treatment-related mortality was only 4% and the 3-
year survival was 35%, local failure as a component of failure was 42%, which was similar to 
the 45% rate reported in the RTOG 85-01 chemoradiation arm.  

Recent trials using newer regimens for neoadjuvant chemotherapy such as paclitaxel and 
cisplatin (Bains et al., 2002) or CPT-11 and cisplatin (Ilson et al., 2003) before the start of 
chemoradiation have reported more favorable results. Bains and associates reported that, of 
38 patients who presented with dysphagia, 92% had relief after the completion of two cycles 
(weeks 1 and 4) of neoadjuvant paclitaxel (175 mg/m2, 3-hour infusion) and cisplatin (75-
mg/m2 bolus) (Bains et al., 2002). Similar results have been reported by Ilson et al. for 19 
patients who received two cycles of neoadjuvant CPT-11 (65 mg/m2) plus cisplatin (30 
mg/m2) weeks 1, 2, 4, and 5 before the start of chemoradiation (Ilson et al., 2003). Treatment 
was well tolerated with no grade 3+ nonhematologic toxicity, and only 5% of patients 
required a feeding tube. Of the 16 patients who presented with dysphagia, 81% had 
dysphagia relief after the completion of neoadjuvant chemotherapy.  

Another potential advantage of neoadjuvant chemotherapy is the early identification of 
those patients who may or may not respond to the chemotherapeutic regimen being 
delivered. Ott et al. performed FDG-PET in 35 patients with adenocarcinoma of the 
gastroesophageal junction or stomach 2 weeks after the start of cisplatin, 5-FU, and 
leucovorin neoadjuvant chemotherapy, which was followed by surgery; results of the FDG-
PET scan were able to predict which patients showed a response to the full course of 
chemotherapy, as judged from the surgical specimens (Ott et al., 2003). Although this study 
was investigational, if the nonresponders can be identified early, changing the 
chemotherapeutic regimen may be helpful.  

In summary, although the early trials primarily using neoadjuvant regimens based on 5-FU 
and cisplatin did not suggest a benefit, more recent trials using paclitaxel- and CPT-11–
based regimens reveal higher response rates resulting in improvement of dysphagia. 

8.7 Intensification of the radiation dose 

Another approach to the dose intensification of chemoradiation is increasing the radiation 
dose above 50.4 Gy. There are two methods by which to increase the radiation dose to the 
esophagus: brachytherapy and external-beam radiation therapy.  

8.7.1 Brachytherapy 

Intraluminal brachytherapy allows the escalation of the dose to the primary tumor while 
protecting the surrounding structures such as the lung, heart, and spinal cord (Armstrong, 
1993). A radioactive source is placed intraluminally via bronchoscopy or a nasogastric tube. 
Brachytherapy has been used both as primary therapy (usually as a palliative 
modality)(Moni et al., 1996; Sur et al., 1992, 1998; Jager et al., 1995; Maingon et al., 2000) and 
as boost after external-beam radiation therapy or combined modality therapy (Armstrong, 
1993; Calais et al., 1997; Akagi et al., 1999; Schraube et al., 1997; Okawa et al., 1999). It can be 
delivered either by high dose rate or low dose rate (Caspers et al., 1993). Although there are 
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technical and radiobiologic differences between the two dose rates, there are no clear 
therapeutic advantages for either.  

Studies that combine brachytherapy with external-beam radiation therapy or 
chemoradiation report results similar to those for conventional chemoradiation. Calais et al. 
reported a local failure rate of 43% and a 5-year survival of 18% (Calais et al., 1997). Even for 
a more favorable subset of patients with clinical T1 to T2 disease, Yorozu et al. reported a 
local failure rate of 44% and a 5-year survival of 26% (Yorozu et al., 1999).  

In the RTOG 92-07 trial, 75 patients with squamous cell cancers (92%) or adenocarcinomas 
(8%) of the esophagus received the RTOG 85-01 combined modality regimen (5-FU, 
cisplatin, 50 Gy of radiation) followed by a boost during cycle 3 of chemotherapy with 
either low dose-rate or high dose-rate intraluminal brachytherapy (Gaspar et al., 1997). 
Due to low accrual rate, the low dose-rate option was discontinued and the analysis was 
limited to patients who received the high dose-rate treatment. High dose-rate 
brachytherapy was delivered in weekly fractions of 5 Gy during weeks 8, 9, and 10. Due 
to the development of several fistulas, the fraction delivered at week 10 was discontinued. 
Although the complete response rate was 73%, at a median follow-up of only 11 months, 
rate of local failure as the first site of failure was 27%. Rates of acute toxicity were 58% for 
grade 3, 26% for grade 4, and 8% for grade 5 (treatment-related death). The cumulative 
incidence of fistula was 18% per year and the crude incidence was 14%. Of the six 
treatment-related fistulas, three were fatal. Given the significant toxicity, this treatment 
approach should be used with caution.  

The American Brachytherapy Society has developed guidelines for esophageal 
brachytherapy (Gaspar et al., 1997). Its recommendations include the following. For patients 
treated in the curative setting brachytherapy should be limited to tumors 10 cm or less with 
no evidence of distant metastasis. Contraindications include tracheal or bronchial 
involvement, cervical esophagus location, or stenosis that cannot be bypassed. The 
applicator should have an external diameter of 6 to 10 cm. If combined modality therapy is 
used (defined as 5-FU–based chemotherapy plus 45 to 50 Gy of radiation) the recommended 
doses of brachytherapy are 10 Gy in two weekly fractions of 5 Gy each for high dose rate 
and 20 Gy in a single fraction at 4 to 10 Gy/h for low dose rate. The doses should be 
prescribed to 1 cm from the source. Finally, brachytherapy should be delivered after the 
completion of external-beam radiation therapy and not concurrently with chemotherapy. 

In summary, for patients treated in the curative setting, the addition of brachytherapy does 
not appear to improve the results compared with those for radiation therapy or combined 
modality therapy alone. Therefore, although it seems reasonable to assume that adding 
intraluminal brachytherapy to radiation or combined modality therapy would provide an 
additional benefit, whether such a benefit exists remains unclear.  

8.7.2 External-beam therapy 

There are a limited number of phase II trials examining patient tolerance for external-beam 
radiation doses of 60 Gy or more when delivered concurrently with chemotherapy. In an 
analysis performed by Coia and associates, the results for 90 patients with clinical stage I to 
IV squamous cell carcinomas and adenocarcinomas of the esophagus were reported (Coia et 
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al., 1991). The incidence of grade 3 toxicity was 22% and of grade 4 toxicity was 6%. There 
were no treatment-related deaths.  

Calais et al. reported the results for 53 patients with clinically unresectable disease who 
received 5-FU, cisplatin, and mitomycin C plus 65 Gy of radiation (Calais et al., 1994). The 
full dose of radiation could be delivered in 96% of patients. The incidence of World Health 
Organization grade 3+ toxicity was 30% and the overall 2-year survival rate was 42%. It 
should be noted that the chemotherapy in this trial was not delivered at doses adequate to 
treat systemic disease. Because almost all patients in both the INT 0122 trial and the Calais 
trials (96% and 94%, respectively) who started radiation therapy were able to complete the 
full dose (64.8 to 65.0 Gy), this higher dose of radiation was used in the experimental arm of 
the Intergroup esophageal trial INT 0123 (RTOG 94-05). The INT 0123 trial (Minsky et al., 
2002) was the follow-up to RTOG 85-01. In this trial, patients with either squamous cell 
carcinoma or adenocarcinoma who were selected for nonsurgical treatment were randomly 
assigned to receive a slightly modified RTOG 85-01 combined modality regimen with 50.4 
Gy of radiation versus the same chemotherapy with 64.8 Gy of radiation). The modifications 
to the original RTOG 85-01 chemoradiation arm includes (1) using 1.8-Gy fractions to 50.4 
Gy rather than 2-Gy fractions to 50 Gy; (2) treating with 5-cm proximal and distal margins 
for 50.4 Gy rather than treating the whole esophagus for the first 30 Gy followed by a cone 
down with 5 cm margins to 50 Gy; (3) cycle 3 of 5-FU and cisplatin did not begin until 4 
weeks after the completion of radiation therapy rather than 3 weeks after; and (4) cycles 3 
and 4 of chemotherapy were delivered every 4 weeks rather than every 3 weeks. INT 0123 
was closed to accrual in 1999 after an interim analysis revealed that it was unlikely that the 
high-dose arm would achieve superior survival compared with the standard-dose arm. For 
the 218 eligible patients, there was no significant difference in median survival time (13.0 
months vs. 18.1 months) or 2-year survival rate (31% vs. 40%) between the high-dose and 
standard-dose arms (Minsky et al., 2002) Although 11 treatment-related deaths occurred in 
the high-dose arm compared with 2 in the standard-dose arm, 7 of the 11 deaths occurred in 
patients who had received 50.4 Gy or less. To help determine if this unexplained increase in 
treatment-related deaths in the high-dose arm was the factor responsible for the inferior 
survival rate, a separate survival analysis was performed that included only patients who 
received the assigned dose of radiation. Despite this biased analysis, there was still no 
survival advantage for the high-dose arm. Although the crude incidence of local failure or 
persistence of local disease (or both) was lower in the high-dose arm than in the standard-
dose arm (50% vs. 55%), as was the incidence of distant failure (9% vs. 16%), these 
differences did not reach statistical significance. At 2 years, the cumulative incidence of local 
failure was 56% for the high-dose arm versus 52% for the standard-dose arm (P = .71). 
Therefore, based on results of the INT 0123 trial, the standard dose of external-beam 
radiation remains 50.4 Gy. The modifications to the original RTOG 85-01 chemoradiation 
arm outlined earlier did not adversely affect the local control or survival rate in the control 
arm of INT 0123. Therefore, the radiation doses and field design used in the control arm of 
INT 0123 should be used.  

Radiation can be intensified not only by increasing the total dose but also by using 
accelerated fractionation or hyperfractionation. Selected series using the latter approach for 
radiotherapy given as primary treatment (without surgery) are listed in Table 2. 



 
Nonsurgical Management of Esophageal Cancer 195 

 Series No. Histologic 
Type 

Treatment Local 
Control

Survival Grade 3+ 
Toxicity 

Girinsky et al. 
(1997) 

88 - 65 Gy (2Gy Bid)  
+/-  
5FU/Cisplatin 

48 % 3-y 12%  3-y 13% 

Jeremic et al. 
(1998) 

28 Squamous 54 Gy (1.5 Gy Bid) 71% 29% 5-y 50% 

   5FU + Cisplatin x 4    

Wang et al.  
(2002(randomized)

101 Squamous 66 Gy (1.5 Gy Bid)vs. 56%  3-y 38% 3-y 61% 
esophagitis 

   68.4 Gy total, 41.4 
Gy (1.8 Gy/d), then 
27 Gy (1.5 Gy Bid) 

57%  3-y 41% 3-y 10% 
esophagitis 

Table 2. Results of Primary High-Dose Accelerated Fractionation/Hyperfractionation 
Combined Modality Therapy: Selected Series. 

Wang et al. randomly assigned 101 patients with squamous cell cancer to receive either 
continuous accelerated hyperfractionated radiation (66 Gy) or late-course accelerated 
hyperfractionated radiation (68.4 Gy) (Wang et al., 2002). Compared with patients who 
received late-course accelerated hyperfractionated radiation, those treated with 
continuous accelerated hyperfractionated radiation had a significantly higher incidence of 
grade 3+ esophagitis (61% vs. 10%; P <.001); however, no benefit was seen in local control 
or survival. Although these approaches are reasonable, most series report an increase in 
acute toxicity without any clear therapeutic benefit. These regimens remain 
investigational. 

8.8 New combined modality regimens  

Because 75% to 80% of patients die of metastatic disease, advances in systemic therapies are 
necessary for further improvement of results. The most widely used chemotherapeutic 
regimen to be combined with radiation for the treatment of esophageal cancer is 5-FU and 
cisplatin. There are new chemotherapeutic agents both in current practice and in 
development for esophageal cancer. Most are being developed for use in preoperative 
regimens and are combined with radiation doses of 45 to 50.4 Gy. Incorporation of these 
agents into chemotherapy regimens prior to chemoradiation or as adjuvant therapy may 
decrease systemic recurrence. Furthermore, new radiation sensitizers may improve 
locoregional control.  

Multiple studies have tested both cytotoxic and targeted small molecules. Chemoradiation 
regimens using paclitaxel (Goldberg et al., 2003; Bains et al., 2002; Orditura et al., 2010; 
Ruppert et al., 2010), docetaxel (Pasini et al., 2005; Spigel et al., 2010), irinotecan (Ruppert 
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et al., 2010; Ilson et al., 2002; Watkins et al., 2011; Sun et al., 2011), oxaliplatin (Spigel et al., 
2010; De Vita et al., 2011; Chiarion-Sileni et al., 2009), epirubicin (Sun et al., 2011) and 
pemetrexed (Jatoi et al., 2010) have shown encouraging results. Biologic agents, such as 
cetuximab, trastuzumab, erlotinib, celecoxib and bevacizumab (De Vita et al., 2011; Safran 
et al., 2002; Enzinger et al., 2003; Suntharalingam et al., 2006) are being used as the 
foundations for new regimens which may enhance chemoradiation and target systemic 
micrometastases. Whether these investigational approaches offer improved results 
compared to conventional chemoradiation regimens based on 5-FU and cisplatin is not 
known.   

9. Conclusion 
For early esophageal cancer, endoscopic therapies are viable therapeutic options with 
significantly lower morbidities as compared to surgery. Currently, for a subset of patients 
with clinically localized early stage esophageal cancer (T0 or T1 lesions), local endoscopic 
therapy seems to be an acceptable alternative and produces similar results to surgery. 

However, it is still unknown which of the endoscopic therapies represents the best 
alternative to surgical resection.  

For more advanced stages of esophageal cancers, concurrent chemoradiation remains the 
standard nonsurgical treatment. New chemotherapeutic or biologic agents and radiation 
techniques are still needed to improve the survival of patients undergoing definitive 
chemoradiation.    
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1. Introduction 
This chapter will review the status of clinical and laboratory research exploring targeted 
therapies for treatment of esophageal cancer. Therapies that target specific pathways activated 
in cancers offer the potential for potent anti-cancer effects with minimal host toxicity. This 
review will not only summarize the status of targeted therapies currently being evaluated in 
clinical trials for treating esophageal cancer, but also discuss therapies that show promise in 
pre-clinical studies, including those that target metabolic pathways in cancer. 

Esophageal cancer is the sixth most common cause of cancer mortality worldwide, and its 
incidence is increasing [1, 2]. Although there are different histologic variants of esophageal 
cancer (Squamous cell and Adenoma carcinoma) that have distinctive epidemiologic patters, 
the major risk factors (smoking, dietary factors) and many clinical features are similar among 
these histologic variants [3]. More than 90% of esophageal cancers – of all histologic variants - 
are diagnosed in late stage. In spite of new diagnostic and therapeutic approaches, esophageal 
cancer has poor prognosis, with 5-year survival rates between 10–13%.  

Conventional treatment for esophageal cancer depends largely on stage of the tumor, 
typically including chemotherapy as well as surgery and radiotherapy.  Standard agents 
include cisplatin, 5-fluoruracil, taxanes, irinotecan, and mitomycin C, but the inability of 
these agents to effectively treat most cases of esophageal cancer has provided an impetus for 
the recent attention that has been directed to therapeutics selectively targeting molecular 
pathways in cancer cells. Gene therapy, such as restoring p53 gene function, has also been 
explored [4], but because of the discouraging level of progress in this area, gene therapy will 
not be discussed in this chapter.  

2. Targeting the EGFR signaling pathway 
Epidermal growth factor receptor (EGFR) is one of the most commonly altered genes in 
human cancer, with alterations including overexpression, amplification, and mutation. 
Targeted inhibition of EGFR activity suppresses signal transduction pathways, affecting 
tumor cell proliferation and resistance to apoptosis. Small molecule tyrosine kinase 
inhibitors and monoclonal antibodies are among the most common EGFR-targeting agents 
and have been used clinically for treating various malignancies with EGFR mutations or 
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abnormal expression of the receptor. The outcomes of clinical trials using EGFR inhibitors 
will be summarized after a general discussion of the molecular biology of this target. 

EGFR is a 170 KDa transmembrane glycoprotein situated on the cell surface, which is 
activated by binding of its specific ligands, including epidermal growth factor and 
transforming growth factor α (TGFα)[5]. . An EGF-specific receptor was first found on 
surface of fibroblasts in 1975 [6], but only relatively recently have mutations affecting EGFR 
been discovered to be involved in the development of cancers [7].   EGFR (also known as 
ERBB1/HER1) is a member of a family of receptor proteins that contains 3 other members:  
HER2/ERBB2, HER3/ERBB3, and HER4/ERBB4. All the receptor members of this family 
have an extracellular ligand-binding region or ectodomain, a single membrane-spanning 
region, and a cytoplasmic region that contains a tyrosine kinase domain.  Binding of the 
ligand to the ectodomain initiates receptor homo- and hetero-dimerization, resulting in 
activation of the cytoplasmic tyrosine kinase and stimulation of intracellular signaling 
pathways. Gene amplification, mutation or structural changes of the receptor kinase can 
cause carcinogenesis, due to disregulation of cellular proliferation as well as characteristics 
that support cancer cell invasion and metastasis. 

EGFR protein expression can be detected in about 30% to 70% of esophageal carcinomas [8, 
9]. Similar to head and neck cancer squamous cell cancers (HNSCC), squamous cell 
carcinomas of the esophagus have very high frequency of elevated expression of EGFR (70-
90%) [10, 11]. High levels of EGFR protein expression have been correlated with worse 
patient survival in both esophageal carcinoma and HNSCC, although the association has not 
been robust and results not consistent among various studies[12] [13] [14]. Moreover, a high 
EGFR gene copy number, which variably correlates with increased EGFR protein 
expression, also has been reported as a poor prognostic marker [15, 16]. Therefore, EGFR 
represents a rational target for therapeutics. 

2.1 Monoclonal antibodies to target EGFR 

There are several potential strategies to target the EGFR, most notably monoclonal 
antibodies (mAbs) and low molecular weight tyrosine kinase inhibitors (TKIs), which have 
both demonstrated clinical utility. mAbs bind to the extracellular domain of the receptor 
and compete with the natural ligands (TGF-αand EGF) binding to the receptor, therefore 
blocking activation of the receptor. By contrast, TKIs compete with ATP binding to the 
tyrosine kinase portion of the endodomain of the receptor and thereby abrogate the 
receptor’s catalytic activity. Both strategies appear to be effective at blocking the 
downstream receptor-dependent signaling pathways, which include activation of MAPK, 
PI3K/Akt, and Jak/Stat.  

In 1983, John Mendelsohn created the chimeric IgG1 Cetuximab(‘Erbitux’, C225), the first 
epidermal growth factor receptor inhibitors (EGFR-I) [17]. In fact, cetuximab has been 
approved for the treatment of advanced colorectal cancer (CRC) over the last decade. Both 
single agent cetuximab as well as the combination with irinotecan have shown activity in 
patients with CRC [18, 19]. A second-generation EGFR-I, Panitumumab (ABX-EGF) is a fully 
human IgG2 mAb with high affinity for the EGFR[20].  

Cetuximab has also shown efficacy in the treatment of non-small-cell lung cancer (NSCLC)[21-
25]and locally advanced head and neck squamous cell carcinoma (HNSCC)[26, 27].  
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2.2 Clinical trial for targeting EGFR-I 

Currently, several trials of EGFR-I with FOLFOX, FOLFIRI are demonstrating efficacy 
against CRC in various sites around the world [28, 29]. The side effects of IGFR-I therapy 
include skin rash, diarrhea, and hypomagnesaemia. Skin rash can be especially troubling, 
and this appears to be associated with depressive psychosis [30-32].  Biomarker analysis 
from several recent studies demonstrated that patients with KRAS mutated tumors are 
resistant to monotherapy with cetuximab or Panitumumab [33, 34]. Thus, benefits of adding 
EGFR-I to chemotherapy is limited to patients with wild-type (WT) KRAS in colorectal 
carcinoma [35, 36]. 

Several phase II trials for advanced esophageal cancer are ongoing throughout the world. 
One trial is the LLEDO G group (Paris) studying the effects of oxaliplatin, leucovorin and 
fluorouracil-when given together with Cetuximab and radiation therapy (NCT00578201).  A 
second is being conducted at the National Cancer Institute (NCI), studying cetuximab in 
combination with cisplatin and irinotecan for treatment of patients with metastatic 
esophageal cancer, gastroesophageal junction cancer, or gastric cancer that did not respond 
to previous irinotecan and cisplatin (NCT00397904).  Finally, a trial centered at Brown 
University is evaluating the rate of complete pathologic response as determined by surgical 
resection or post treatment endoscopy (for patients not undergoing resection) for the 
treatment regimen being tested (NCT00439608). While cetuximab administered as a single 
agent had minimal clinical activity in patients with advanced esophageal cancers, these 
ongoing phase 2 clinical trials of EGFR inhibitors in combination with other agents may 
define a role for these agents in the treatment [37, 38].  

Interestingly, no KRAS mutations have been detected in esophageal cancers [39, 40], so 
mutations of this gene will apparently not cause resistance of esophageal cancers to EGFR-
inhibitory therapy.  

Shandong Cancer Hospital and Institute (NCT00815308) also studied to determine whether 
the treatment of locally advanced esophageal squamous cell carcinoma (ESCC) with 
cetuximab in combination with paclitaxel, cisplatin and radiation could improve clinical 
outcome.  Unfortunately, the results were not encouraging.  By contrast, the Hoosier 
Oncology Group (NCT00319735) investigating cetuximab combined with radiation found 
promising results. In this study, EGFR inhibitory agents enhanced radiation-induced 
apoptosis and inhibited radiation-induced damage repair. These interactions may represent 
the principle effects that contribute to the synergy between EGFR and radiation. 

2.3 Tyrosine kinase inhibitors to target EGFR 

Tyrosine kinase inhibitors (TKIs) are a class of small molecules that inhibit ATP binding 
within the tyrosine kinase domain, leading to inhibition of EGFR autophosphorylation and 
signal transduction.  TKIs are now widely used in the treatment of lung cancers and are also 
being explored for treatment of esophageal cancers.  Glivec was the first widely used TKI, 
used to treat myelogenous leukemia and gastrointestinal stromal tumors (GIST). A protein 
kinase inhibitor is a type of enzyme inhibitor that specifically blocks the action of one or 
more protein kinases. Hence, they can be subdivided or characterized by the amino acids 
whose phosphorylation is inhibited: most kinases act on both serine and threonine, the 
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tyrosine kinases act on tyrosine, and a number (dual-specificity kinases) act on all three. 
There are also protein kinases that phosphorylate other amino acids, including histidine 
kinases that phosphorylate histidine residues. They can interfere with the repair of DNA 
double-strand breaks [41]. TKIs are a class of oral, small molecules that inhibit ATP binding 
within the TK domain, which completely inhibits EGFR autophosphorylation and signal 
transduction [63]. 

There are a large number of TKIs directed to the EGFR family in clinical development for 
treatment of esophageal cancer. EGFR monoclonal antibodies (mAbs) bind to the 
extracellular domain of the receptor and compete with their ligands, therefore, blocking 
activation of the receptor. On the contrary, TKIs compete with ATP binding to the tyrosine 
kinase portion of the endodomain of the receptor and, thereby, abrogate the receptor’s 
catalytic activity. 

Gefitinib (Iressa®) and Erlotinib (Tarceva®) have been approved for treatment in non-small 
cell lung cancer (NSCLC). Several clinical trials have demonstrated an increase in 
progression-free survival in EGFR mutant lung cancer patients treated with these agents 
[42]. More recently, Gefitinib (Iressa®) has been evaluated in esophageal cancer in several 
phase 2 studies. Rodriguez, C. P.[43] demonstrated 80 advanced esophageal cancer patients 
for chemoradiotherapy (CRT) plus gefitinib (250 mg/d). Although gefitinib did not worsen 
CRT toxicity, maintenance therapy proved difficult. 

Other study, Altiok S, Gibson MK [44] describe a short-term ex vivo assay to predict 
response to epidermal growth factor receptor (EGFR) targeted therapy (gefitinib) in 
adenocarcinoma patients. According to their pharmacokinetics research, after treated with 
gefitinib (250 mg/day) for 14 days, advanced esophageal adenocarcinoma were correlated 
with the gefitinib-mediated alteration in proliferating cell nuclear antigen (PCNA) 
expression, a marker of cell proliferation. PK studies demonstrated constant gefitinib 
concentrations during the treatment, confirming persistent exposure of target tissue to the 
drug at sufficient levels to achieve EGFR blockade.  

Erlotinib (Tarceva®) is the second generation drug. Ilson, D. H.[45] evaluated 30 patients 
with measurable, metastatic cancer of the esophageal and gastroesophageal junction 
received 150 mg erlotinib daily. Erlotinib had limited activity in esophageal cancer (2 of 
24(8%) partial responses were observed in the EGFR-positive and no responses were 
observed in the EGFR-negative cohort. Reponses were limited to patients who had 
squamous cell carcinoma (2 of 13 patients; 15%; response duration, 5.5-7 months). The time 
to tumor progression was longer in patients who had squamous cell carcinoma (3.3 months; 
range, 1-24 months) compared with patients who had adenocarcinoma (1.6 months; range, 
1-6 months; P = .026). Therapy was tolerable with the expected toxicity of skin rash (grade 1-
2, 67%; grade 3, 10%). and some protracted stable disease were observed in those with 
squamous cell carcinoma. Efficacy according to EGFR status could not be assessed given the 
rarity of EGFR-negative tumors. 

Recently, Lapatinib (Tykerb), used in the form of lapatinib ditosylate, an orally active drug, 
starts for breast cancer and other solid tumors treatment [46]. It is a dual tyrosine kinase 
inhibitor which interrupts the HER2 growth receptor pathway[47]. It is used in combination 
therapy for HER2-positive breast cancer. It has been approved as front-line therapy in triple 
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positive breast cancer and as an adjuvant therapy when patients have progressed on 
Herceptin [48, 49]. Phase 1 trials are now ongoing for esophageal cancer. Alvarez H and 
Maitra A in Hopkins [50] analyzed small molecule inhibitors of Axl function. Axl is a 
receptor tyrosine kinase (RTK) with oncogenic potential and transforming activity. Blockade 
of Axl function abrogated phosphorylation of ERBB2 (Her-2/neu) at the Lapatinib residue, 
indicative of receptor crosstalk. Axl RTK is an adverse prognostic factor in esophageal 
cancer. The availability of small molecule inhibitors of Axl function provides a tractable 
strategy for molecular therapy. 

3. Targeting the HER2 signaling pathway 
Amplification and over-expression of HER-2/neu (c-erbB-2) in esophageal cancer has also 
been to predict a poor prognosis. Although recognition of gene amplification could be 
considered as a therapeutic target in esophageal cancer, there is actually a paucity of data 
regarding HER-2/neu amplification in esophgeal cancer and its implications for clinical 
management.   

HER2/neu (also known as ErbB-2) exists on the cell surface and is a 185 KDa 
transmembrane glycoprotein with tyrosine kinase activity[51]. It is a member of the ErbB 
protein family, more commonly known as the epidermal growth factor receptor family. In 
1985, this cell surface receptor of the tyrosine kinase gene family was identified and 
characterized by molecular cloning [52] .HER2 is a cell membrane surface-bound receptor 
tyrosine kinase and is normally involved in the signal transduction pathways leading to cell 
growth and differentiation. HER2 gene is relating the development and maintenance of 
heart and nerve system, and also cell proliferation and differentiation [53, 54]. However, 
ErbB receptors dimerise on ligand binding, and HER2 is the preferential dimerisation 
partner of other members of the ErbB family[55]. The HER2 gene is a proto-oncogene 
located at the long arm of human chromosome 17(17q21-q22)[52]. 

HER2/neu is a protein associated with aggressiveness in breast cancers. Approximately 30% 
of breast cancers have an amplification of the HER2/neu gene or overexpression of its 
protein product. Overexpression of this receptor in breast cancer is associated with 
increased disease recurrence and worse prognosis [56, 57]. Because of its prognostic role as 
well as its ability to predict response to trastuzumab (Herceptin), breast tumors are 
routinely checked for overexpression of HER2/neu same as hormone receptors. HER2 is 
also overexpressed in other types of cancers, including 25–30% of ovarian cancers [58], 35–
45% of pancreatic carcinomas[59, 60], and in 30–80% of esophageal adenocarcinoma [61, 62], 
and squamous cell carcinoma [63-65].  

A drug targeting HER2/neu is the monoclonal antibody trastuzumab (Herceptin). 
Trastuzumab is effective only in cancers where the HER2/neu receptor is overexpressed. In 
fact, trastuzumab was clinically shown to have survival benefit in patients with HER-2–
overexpressing breast cancer with metastasis [66, 67]. One of the mechanisms of how 
trastuzumab works after it binds to HER2 is by increasing p27, a protein that halts cell 
proliferation [68]. 

The results of a study combining trastuzumab with cisplatin in HER2 positive untreated 
patients with gastric or gastro-esophageal junction cancer have recently been presented [69].  
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In this study, capecitabine plus cisplatin or fluorouracil plus cisplatin was given every 3 weeks 
for six cycles or chemotherapy in combination with intravenous trastuzumab (NCT01041404). 
594 patients were randomly assigned to study treatment (trastuzumab plus chemotherapy, 
n=298; chemotherapy alone, n=296), of whom 584 were included in the primary analysis 
(n=294; n=290). Median overall survival was 13.8 months (95% CI 12-16) in those assigned to 
trastuzumab plus chemotherapy compared with 11.1 months (10-13) in those assigned to 
chemotherapy alone (hazard ratio 0.74; 95% CI 0.60-0.91; p=0.0046). The most common adverse 
events in both groups were nausea, vomiting, and neutropenia. Rates of overall grade 3 or 4 
adverse events (201 [68%] vs. 198 [68%]) and cardiac adverse events (17 [6%] vs. 18 [6%]) did 
not differ between groups. The authors concluded that Trastuzumab in combination with 
chemotherapy can be considered as a new standard option for patients with HER2-positive 
advanced gastric or gastro-esophageal junction cancer. 

4. Angiogenesis inhibitors 
Agents that inhibit vascular endothelial cell growth factor (VEGF) and the angiogenesis 
process have also attracted considerable interest for treatment of a variety of cancer types.  
VEGF is overexpressed in 30%–60% of patients with esophageal cancers. Bevacizumab, a 
recombinant humanized mAb to VEGF, is the most widely studied anti-angiogenesis agent.  
Bevacizumab is still undergoing clinical evaluation for esophageal cancer treatment, and 
this approach could represent an important addition to the treatment of this disease. 

Vascular endothelial growth factor (VEGF) is a glycoprotein important for regulating 
vasculogenesis and angiogenesis. VEGF was first isolated in 1983 from mouse ascites[70] 
and functions to create new blood vessels for restoring the oxygen supply to tissues when 
blood circulation is inadequate.  VEGF is activated by binding of its ligands VEGFR, leading 
to stimulation of cell division and differentiation. There are five members of the human 
VEGF family: VEGF-A (referred to in this chapter as VEGF), VEGF-B, VEGF-C,VEGF-D 
and placental growth factor (PlGF). In addition, multiple isoforms of VEGF, VEGF-B and 
PlGF are generated through alternative splicing of pre-mRNA.1 The VEGF family ligands 
interact with the receptor tyrosine kinases VEGF receptor-1 (VEGFR1), VEGFR2 and 
VEGFR3. VEGF family interaction with VEGFRs is also regulated by the non-enzymatic co-
receptors neuropilin (Nrp)-1 and Nrp2.1. Bevacizumab binds VEGF-A, and inhibit function 
of VEGFR1, VEGFR2 and Nrp-1.  

VEGF is overexpressed in 30%–60% of esophageal cancer tumors, and several studies have 
demonstrated a correlation among high levels of VEGF expression, advanced stage, and 
poor overall survival in patients undergoing a potentially curative esophagectomy [96–99]. 
One recent study suggests that the activation of the EGFR-pathway contributes to 
angiogenesis in esophageal adenocarcinoma by different mechanisms, including 
upregulation of VEGF and Neuropilin-1 expression [38].  In another study, Kulke and others 
found no significant association between VEGF expression and treatment response or 
overall survival [71]. This discrepancy may be in part explained by the potential induction 
of VEGF and increased angiogenic activity that may occur with the delivery of preoperative 
chemoradiotherapy. The treatment-induced development of more aggressive and resistant 
tumor phenotypes might weaken potential associations among pretreatment VEGF levels, 
treatment response, and overall survival. 
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Bevacizumab is a monoclonal antibody that binds to all isoforms of human VEGF and thus 
functions as a direct angiogenesis inhibitor. This drug has found use in combination therapy 
for colorectal cancer, with reported survival benefit when used in combination with 
irinotecan-, oxaliplatin- and 5-fluorouracil-based chemotherapy [38–41]. Bevacizumab has 
several severe side-effects when used for treatment of colorectal cancer, most notable 
intestinal perforation, which occurs at a frequency of somewhat less than 5 %. While 
emergency surgery can rescue patients with colon perforations, esophageal perforations 
would most likely be lethal to patients, suggesting that this drug will need to be used 
carefully in patients with esophageal cancers.   

5. Metabolic pathways as targets for cancer therapy 
Over the past decade, there has been increasing interest in cancer metabolism pathways as 
targets for cancer therapy.  Two potential therapeutic strategies will be discussed with 
respect to esophageal cancer therapy: first, the potential role of metformin, a drug used for 
treatment of diabetes, and second the potential role of inhibitors of fatty acid synthase.  
Metformin is likely to be investigated at a clinical level soon, since this drug is widely 
available and has an established safety profile.  While inhibitors of fatty acid synthase still 
require pre-clinical development, studies to date provide encouragement that this metabolic 
pathway could offer a new target for esophageal cancer therapy.  

5.1 Metformin for cancer treatment 

As a background for testing metformin in treatment of esophageal cancer, it should be noted 
that type 2 diabetes, is associated with significantly higher risks of developing certain types 
of cancers and with increased mortality from those cancers [72-74]. Insulin resistance, 
hyperinsulinemia, oxidative stress, advanced glycation end products, and chronic low-
grade inflammations have all been considered to explain the association between diabetes 
and high cancer incidence. While gastroesophageal reflux and high body mass index (BMI) 
are well established risk factors [75-77] for esophageal cancers, it has also reported that 
diabetes is associated with substantial and significant increase in risk of esophageal 
adenocarcinoma [78-82]. 

Effective treatment of diabetes might favorably affect cancer incidence and mortality [83-85]. 
Since the 1960s, metformin (a biguanide) has become the first line anti-hyperglycemic agent 
in type 2 diabetes (T2DM) treatment worldwide[86], and a large number of observational 
studies have reported a reduced incidence of neoplastic disease in diabetic patients treated 
with metformin [87, 88]. It is generally thought that metformin suppresses gluconeogenesis 
in the liver, leading to decreased production of insulin, a potential cancer cell growth factor.  
In addition, by activating the enzyme AMPK (AMP activated protein kinase), skeletal 
muscles are induced to take up glucose from the blood. Moreover, by activating AMPK, 
metformin inhibits the mammalian target of rapamycin complex 1 (mTORC1) resulting in 
decreased cancer cell proliferation. Concomitantly, metformin induces activation of LKB1 
(serine/threonine kinase 11), a tumor suppressor gene, which is required for the 
phosphorylation and activation of AMPK [89, 90].  

The new encouraging experimental data supporting the anti-cancer effects of metformin 
urgently require further clinical studies in order to establish its use as a synergistic therapy 
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targeting the AMPK/mTOR signaling pathway. Although few studies have been performed 
to date, a retrospective study performed in Taiwan evaluating 800, 000 people found that 
diabetic patients without any drug treatment had twice the level of gastrointestinal cancer 
incidence (gastric, colorectal, hepatic, pancreatic and esophageal cancer) as metformin-
treated diabetics. The authors of this study [78] proposed a metformin dose of 500 mg/ day 
for a significant decrease in cancer incidence. 

Encouraging findings have also been reported in retrospective studies of breast cancer 
neoadjuvant chemotherapy for locally advanced (inoperable) breast cancer.  This 
treatment has become an accepted alternative to adjuvant chemotherapy in operable 
early-stage breast cancer, because it allows breast conservation. Importantly, diabetic 
patients with breast cancer receiving metformin and neoadjuvant chemotherapy were 
found to have a higher pCR(Pathologic Complete Response) rate than diabetics not 
receiving metformin [91].  

The breast cancer data is particularly relevant to the esophageal cancer situation, because 
neoadjuvant therapy (combinations of chemotherapy and radiotherapy) is also performed to 
reduce tumor size before surgery for advanced esophageal cancer. While no data is available 
for metformin effects in esophageal cancer neoadjuvant therapy, it certainly would be 
important to evaluate responses retrospectively as well as consider metformin use in non-
diabetic patients for esophageal cancer treatment. 

Interestingly, Hirsch H et al [92] reported that metformin selectively kills cancer stem cells 
in four genetically different types of breast cancer. The combination of metformin and a 
well-defined chemotherapeutic agent, doxorubicin, kills both cancer stem cells and non–
stem cancer cells in culture. Furthermore, this combinatorial therapy reduces tumor mass 
and prevents relapse much more effectively than either drug alone in a xenograft mouse 
model.  These results provide further evidence supporting the combination of metformin 
and chemotherapeutic drugs to improve treatment of patients with cancers, including 
esophageal cancer. 

5.2 Fatty acid synthase as a target for cancer treatment 

It is well-known that anaerobic metabolism predominates in many tumors, and this type of 
metabolism causes lipid combustion and beta oxidization. Lipids are made from triglyceride 
and fatty acids by the enzyme, fatty acid synthase. Fatty acid synthase (FAS) is highly 
expressed in many human cancers. [93]. Because fatty acid synthesis expends energy, it 
seems reasonable to expect that high FAS activity confers some survival or growth 
advantage to human cancer. 

In esophageal cancer (both squamous cancers and adenocarcinomas), FAS is expressed at 
very high levels similar to other cancers [94, 95], and high expression is also seen in Barrett’s 
esophagus with dysplasia [96, 97]. (Figure1) It appears that increased expression of FAS is 
associated with neoplastic transformation and is not typical of esophageal glandular 
epithelium in general [98].  Our recent study found that esophageal cancers (and likely high-
grade precursors) that express high levels of FAS could potentially be treated by therapy 
directed to inhibit this enzyme.  
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Fig. 1. FAS expression in SCC and EAC. 
Fatty acid synthase is expressed at high levels in human esophageal squamous cell 
carcinomas and adenocarcinomas. In addition, FAS is expressed at high levels in Barrett’s 
esophagus with dysplasia. 

In addition to being overexpressed in malignant tissues, increased FAS levels can also be 
detected in the circulation in cancer patients (30, 31), and our group has found that serum 
FAS levels could potentially be used as tumor marker. Figure2 shows the data of FAS serum 
in several cancers, where each cancer shows high levels of FAS compared with control.  For 
esophageal cancer, we compared levels FAS in serum from 150 patients with invasive 
squamous cell carcinoma and 4 with invasive adenocarcinoma to those of 153 normal 
healthy individuals (Figure 3). The significantly higher levels in cancer patients than control 
patients suggest that measurements of FAS might be a useful tumor marker.  

To explore anti-FAS therapy for esophageal cancer, we first confirmed that FAS expression 
is also high in xenografts of human esophageal squamous cell cancer cells, with levels that 
are similar to human tumors. A number of agents are available to inhibit FAS; previous 
laboratory studies have shown that cancer cell growth can be suppressed by inhibiting the 
activity of this enzyme FAS with cerulenin (a natural antibiotic), small interfering RNA 
specific for the FAS gene transcript [99], orlistat, a pancreatic lipase inhibitor developed for 
obesity treatment [100], or C75, a first-generation synthetic small-molecule developed 
specifically for inhibiting type 1 mammalian FAS, based on the known mechanism of action 
of cerulenin[101, 102].  

However, efforts to treat xenograft cancers with C75 [103-105] have been hampered by 
transient, but severe, anorexia and weight loss caused by drug treatment, an effect that 
could also limit the use of this compound in the clinical setting [106]. C75 is a mimetic of 
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malonyl-CoA, and in addition to inhibiting FAS, C75 stimulates fatty acid oxidation [most 
likely by activating carnitine Opalmitoyltransferase-1 (CPT1); ref.[107]]. This, in turn, seems 
to contribute to the reduction of neuropeptide Y expression in the hypothalamus [97, 106]. 
Based on these issues, we explored a second-generation drug, C93, which was designed to 
specifically inhibit FAS without affecting CPT1 activity [108]. Antineoplastic activity, 
without anorectic effects, can be achieved with this drug by selective pharmacologic 
inhibition of FAS without stimulation of CPT1, and we demonstrated effective treatment of 
mice bearing xenografts of the Colo680N squamous cell esophageal cancer cell line using 
this drug (figure4). Other animal experiments have also found C93 to work well for 
treatment of cancer xenografts in a variety of other tumor types [98, 109-112], and 
encouraging results have been seen in cancer chemoprevention experiments [113, 114]. 

 

 

 
Fig. 2. FAS-detect™ IHC serum levels in normal individuals and cancer patients.   
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Fig. 3. Serum FAS level in Esophageal cancer patients are significantly higher than control. 

 
 
 

 

 
Fig. 4. Treatment of esophageal cancer xenografts with C93. 
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Growth facter 

Epidermal growth factor receptor 

Her-2/Neu 

TKIs 

Angiogenesis 

Vascular endothelial growth factor 

Metabolism target

Metformin 

Fatty acid synthase

Table 1. Esophageal cancer: potential targets and markers. 

6. Conclusions 
In summary, it is well accepted that new targeted drug therapies need to be developed for 
advanced esophageal cancer due to the poor prognosis of this type of cancer. In this chapter, 
we have described the current clinical trial molecule targeted agents and metabolic 
pathways as targets for cancer therapy in esophageal cancer.   

Most obviously, high expression levels of EGFR and VGFR in esophageal cancer make 
antibodies directed against these molecules logical choices for clinical testing.  Several phase 
II studies are now assessing the efficacy of these agents in combination with standard 
therapy for treatment of esophageal cancer.  

Already, the combination of bevacizumab and cetuximab/Panitumumab for patients with 
metastatic colorectal cancer has shown meaningful clinical benefit, and significant numbers 
of patients are experiencing prolonged survival with a reasonable quality of life due to these 
new agents. Within the coming years, several clinical trials will be completed to evaluate 
these agents for treatment of esophageal cancer. In Head and neck cancer, Cetuximab has 
also shown efficacy in the treatment. Because of many expressions, we expect this drug for 
improvement for the treatment of esophageal cancer. 

Drugs targeting cellular metabolic pathways are also now attracting great attention for 
chemotherapy and chemoprevention. In this review, we have described the possibility of 
metformin for treatment of esophageal cancer based in part on evidence that diabetic 
patients have increased risks for developing many different types of cancers and clinical 
data indicating that diabetic patients taking metformin have improved responses to 
chemotherapy. Finally, fatty acid synthase (FAS) as a novel target for treatment of 
esophageal cancer was discussed. While clinical data is not yet available for anti-FAS 
therapy, promising preclinical data warrants attention to this area of investigation.   
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1. Introduction 
Primary malignant melanoma of the esophagus (PMME) accounts for 0.1–0.2% of all 
malignant disease of the esophagus. Ninety-five percent of all melanomas are found in the 
derma, and only 0.5% are localized in the esophagus (Bisceglia et al. 2011). The prognosis of 
PMME is unfavorable because most patients are in the advanced stage at diagnosis and 
rapidly develop lymph node and distant metastases. Nine cases of early-stage PMME have 
been reported in eight papers (Minami et al. 2011; Miyatani et al. 2009; Morita et al. 2009; 
Suzuki et al. 2008; Kimura et al. 2005; Hara et al. 2003; Mikami et al. 2001; Kido et al. 2000). 
Only two of them were treated curatively by endoscopic mucosal resection (EMR) (Miyatani 
et al. 2009; Kimura et al. 2005). We now report on a rare case of multiple early-stage PMME, 
which could obtain prolonged survival for ten years by the combination of systemic 
chemotherapy, repeated endoscopic treatment, and transarterial chemoembolization. 

2. Case report 
A 75-year-old previously healthy man underwent an esophagogastroduodenoscopy (EGD) 
for screening. Three black-pigmented flat lesions were detected in the middle and lower 
thoracic esophagus (Fig. 1), and biopsy specimens revealed features of malignant 
melanoma. The patient refused esophagectomy, and endoscopic mucosal resection (EMR) 
was tried in August 2001. The resected specimen revealed that the tumor had invaded the 
lamina propria (Fig. 2) with no lymphatic or venous invasion and that the horizontal margin 
was positive. The patient again refused esophagectomy and was followed up closely in the 
outpatient clinic. 

Five months after the first EMR, a recurrence was suspected near the EMR scar. The patient 
was referred to our hospital. As an alternative treatment to the esophagectomy, six courses 
of systemic chemotherapy comprising dacarbazine (100 mg/body on day 1, 200 mg/body 
on days 2–5), nimustine hydrochloride (100 mg/body on day 1), and vincristine (1 mg/body 
on day 1) were scheduled every four weeks. However, he was forced to discontinue the  
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Fig. 1. Esophagogastroduodenoscopy showed a black-pigmented flat lesion in the lower 
esophagus. 

 
Fig. 2. A specimen from an endoscopic mucosal resection revealed that the melanoma cells 
had invaded the lamina propria. 
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treatment after four courses of chemotherapy because of severe thrombocytopenia. He then 
underwent an EGD every two or three months, and small black-pigmented spots resembling 
lentigo were detected frequently (Fig. 3). A biopsy specimen revealed the typical histological 
pattern of melanoma, suggesting metachronous multiple lesions. Because no lymph nodes 
were involved and no distant metastasis developed, endoscopic treatment including EMR 
(six times for nine lesions) and tumor ablation using argon plasma coagulation (four times 
for nine lesions) or bipolar coagulation probe (four times for six lesions) were performed 
until June 2009. The pathological diagnoses for all EMR specimens were in situ or 
microinvasive PMME with no lymphatic or venous invasion. Tumor cells were positive for 
melan A and HMB45 according to immunohistochemistry. A representative case of 
microinvasive PMME is shown in Fig. 4A and B. Three specimens of nine lesions resected by 
EMR showed clearly that the black-pigmented area was only part of the whole tumor, and 
the horizontal margin was positive. A representative horizontal-margin-positive case of 
PMME is shown in Fig. 5. 

 
 
 
 
 

 
 
 
 
 

Fig. 3. Small black-pigmented spots resembling lentigo were detected frequently after the 
initial endoscopic treatment. 
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(A) 

 
(B) 

Fig. 4. A specimen from an endoscopic mucosal resection revealed a histological pattern 
typical of microinvasive PMME (A) and was immunohistochemically positive for melan A 
(B). A chromogenic reaction was developed using alkaline phosphatase. 
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Fig. 5. A specimen from an endoscopic mucosal resection showed that the black-pigmented 
area was only part of the whole tumor, and the horizontal margin was positive. 

Seven years after the first diagnosis of PMME, multiple hepatic tumors (in S4, S6, and S8) 
were detected by screening abdominal computed tomography (CT) in December 2007 (Fig. 
6A). To make a definite diagnosis, a liver needle biopsy was performed in April 2008. The 
needle biopsy specimens revealed the same histological pattern of PMME (Fig. 6B) and were 
positive for melan A and HMB45. Then, hepatic metastasis was confirmed. The primary 
lesion was well controlled, and no other distant metastasis was observed. Because the 
patient was too old to reintroduce systemic chemotherapy and the dynamic CT image 
suggested a hypervascular liver tumor, transarterial chemoembolization (TACE) was 
selected. The hepatic metastases gradually progressed even though he received TACE in 
June 2008 and April 2010. He died in August 2011 of hepatic failure because of progression 
of hepatic metastases. The clinical course of this case is summarized in Fig. 7. 
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(A) 

 
(B) 

Fig. 6. (A) Seven years after the first diagnosis, multiple liver tumors were detected by 
screening abdominal computed tomography (arrow in S6). (B) A needle biopsy specimen 
from the liver tumor revealed a histological pattern typical of malignant melanoma. 
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TACE; transarterial chemoembolization 
DAV; dacarbazine, nimustine hydrochloride, and vincristine 

Fig. 7. Clinical course of this case. Local control of multiple early-stage PMME was achieved 
mainly by endoscopic treatment (six endoscopic mucosal resections (EMRs) for nine lesions 
and eight instances of tumor ablation therapy with argon plasma coagulation or a bipolar 
coagulation probe for 15 lesions). 

3. Discussion 
The following diagnostic histological criteria for PMME have been suggested by Allen and 
Spitz (Allen & Spitz. 1953): (1) a typical histological pattern of melanoma and the presence 
of melanin granules within the tumor cells, (2) origin in an area of junctional change within 
the squamous epithelium, and (3) junctional activity with melanotic cells in the adjacent 
epithelium. The melanoma cells were immunohistochemically positive for melan A, HMB45, 
and S-100 protein. These stains are useful for diagnosing amelanotic melanomas in which 
the tumor cells show no evident melanin granules (Fenoglio-Preiser et al. 2008). 

The prognosis of PMME is extremely poor because of its rapid metastatic spread via the 
lymphatic and blood vessels. Early death from widespread metastases is the usual clinical 
course. The average overall survival is only 10–13 months, and only one-third of all patients 
survive for longer than one year after diagnosis (Bisceglia et al. 2011). Surgical resection is 
considered the best method for treating PMME (Adili & Moning 1997; Kato et al. 1991; 
Chalkiadakis et al. 1985; Ludwig et al. 1981). Smaller satellite nodules may present around 
the main tumor, and wider margins of resection are required for treating PMME than with 
other esophageal tumors. However, even if only the patients whom undergone radical 
esophageal resection are analyzed, the five-year survival rate is less than 5% (Simpson et al. 
1990; Sabanathan et al. 1989). Therapeutic options such as radiotherapy, chemotherapy, and 
immunotherapy provide limited benefits, even when used in conjunction with surgery. 
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Table 1 summarizes nine cases of early-stage PMME previously published in the English 
literature. This table demonstrates that PMME has a relatively good prognosis as long as it is 
detected early. However, it remains to be fully elucidated whether these minute lesions are 
true premalignant lesions of advanced PMME. 
 

Case Reference Age/ 
Gender Location Macroscopic 

type 
Number of 

lesions 
Depth of 
invasion Treatment Survival/ 

Outcome 

1 Kido,  
et al. 2000 60/male lower flat solitary LPMa surgery unknown 

2 Mikami,  
et al. 2001 42/female middle polypoid solitary LPM surgery+che

motherapy 2y7me/alive 

3 Hara,  
et al. 2003 52/male middle flat solitary EPb surgery+che

motherapy １y3m/alive 

4 Kimura,  
et al. 2005 73/male lower flat solitary EP EMRc 1y3m/alive 

5 Suzuki,  
et al. 2008 62/male upper to 

middle flat solitary EP surgery 2y9m/alive 

6  67/male lower flat solitary LPM surgery 4y5m/alive 

7* Morita, 
 et al. 2009 75/male lower flat multiple LPM 

EMR+chemot
herapy → 

TACEd 
10y/dead 

8 Miyatani,  
et al. 2009 64/female lower flat solitary LPM EMR 2y6m/alive 

9 Minami,  
et al. 2011 72/male lower flat solitary EP surgery 2y1m/alive 

*The same case of this chapter. 
aLPM, Tumor invades lamina propria muscle; bEP, carcinoma in situ; cEMR, endoscopic mucosal 
resection; dTACE, transarterial chemoembolization for hepatic metastases 
 ey; year, m; month 

Table 1. Features and outcome of early-stage (intramucosal) malignant melanoma of the 
esophagus published in the literaure. 

Endoscopically, PMME lesions appear as intraluminal, polypoid, and (usually, but not 
necessarily) pigmented, irregular masses, which might also be ulcerated. However, only one 
of nine reported cases of early-stage PMME was the polypoid type (Mikami et al. 2001), and 
the other eight cases were all the flat type (Minami et al. 2011; Miyatani et al. 2009; Morita et 
al. 2009; Suzuki et al. 2008; Kimura et al. 2005; Hara et al. 2003; Kido et al. 2000) (Table 1). In 
contrast, no report is available about the flat-type submucosal invasive PMME. In the 
present case, many satellite lesions occurred in separate areas, and all lesions were the flat 
type. In almost 90% of patients, the lesions occur in the middle or distal one-third of the 
esophagus, usually as a solitary tumor, but multiple lesions have been reported in 12% of 
patients (Sabanathan et al. 1989; Joob et al. 1995). To our knowledge, present case is the first 
report of multiple early-stage PMME. 

Especially in cases of the flat-type PMME, it is difficult to accurately define the tumor area 
macroscopically. Because the melanoma cells originated from the basal/deeper layers of the 
epithelium, it is likely that the size of the black-pigmented area depends on the number and 
density of the melanoma cells and does not reflect the true size of the tumor. Narrow-band 
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imaging and/or magnifying endoscopy (Cohen, 2007) were not useful for accurately 
determining the tumor area in the present case (Fig. 8A–C). 

 
(A) 

 
(B) 
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(C) 

Fig. 8. Narrow-band imaging (A), magnifying endoscopy (B), and magnifying endoscopy 
with narrow-band imaging (C) were not useful for accurately determining the tumor area. 

Endoscopic treatment for PMME should be considered for diagnostic purposes (Hirose et al. 
2002) and for treatment purposes in limited cases (Miyatani et al. 2009; Morita et al. 2009; 
Kimura et al. 2005). PMME, especially the polypoid type, can be removed technically by 
endoscopic treatment (Ho et al. 2007; Herman et al. 2001; Xinopoulos et al. 2001; the depth of 
the tumor invasion was not mentioned in these three papers); however, indications for local 
therapy for this disease are still controversial because of the inaccurate diagnosis of the 
tumor area and the possibility of synchronous multiple lesions (Morita et al. 2009; Ho et al. 
2007; Xinopoulos et al. 2001). Further accumulation of early-stage PMME data is required to 
clarify the tumor behavior of this rare disease. 
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Pulmonary Edema Induced by Esophagectomy 
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Japan 

1. Introduction 
Esophageal cancer is the seventh leading cause of cancer deaths worldwide (410,000 new 
cases annually)(1). Asian, Middle Eastern, and East African countries have a markedly 
higher incidence of esophageal cancer than other areas. In the United States, the incidence of 
adenocarcinoma of the distal esophagus and gastroesophageal junction has progressively 
increased to approximately 70% of all esophageal cancers over the last two decades. It 
affects mostly Caucasian men, and its pathogenesis is linked to gastroesophageal reflux 
disease (GERD) and the development of Barrett’s esophagus. On the other hand, squamous 
cell carcinoma is responsible for 95% of all esophageal cancers worldwide. It arises from 
whole esophagus, from the cervical esophagus to the gastroesophageal junction, and 
spreads to the cervical, thoracic, and abdominal lymph nodes with relative ease because of 
the abundant and complex lymphatic network (2). Therefore, esophagectomy with extensive 
neck, thoracic, and abdominal lymph node dissection, the so-called “3-field lymph node 
dissection,” is needed for curative surgery for esophageal squamous cell carcinoma (3). 
Though chemotherapy, radiotherapy, and combination therapy of both have been 
substantially developed as treatments for esophageal squamous cell carcinoma in recent 
years, these treatments are still inferior in survival rate and late toxicity compared to 
surgery (4).  

Esophagectomy with 3-field lymph node dissection is one of the most invasive surgical 
procedures. This highly invasive surgery is currently still associated with high morbidity, 
despite improvements in surgical techniques and perioperative managements. A “cytokine 
storm” during and after esophagectomy induces severe hemodynamic changes involving 
loss of circulating blood volume and filling of the third space. Furthermore, extensive lymph 
node dissection and ligation or excision of the thoracic duct have a causal influence on 
mediastinal lymphostasis, which disturbs drainage of extravascular lung water (EVLW) 
from the lungs and causes pulmonary edema. Pulmonary edema may form the base of 
pulmonary complications such as atelectasis and pneumonia, the most common 
complications after esophagectomy.  

Monitoring of EVLW in cases of critically ill patients with acute lung injury (ALI) or acute 
respiratory distress syndrome (ARDS) has proved to be very informative and useful for 
predicting outcome (5.6).  

Based on these findings, we monitored perioperative changes in EVLW using the recently 
developed single transpulmonary thermodilution technique to determine whether EVLW 
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correlates with respiratory function and predicts pulmonary complications. In this chapter, 
we expound on the importance of recognizing and monitoring EVLW during perioperative 
managements of esophagectomy for thoracic esophageal squamous cell carcinoma.  

2. Extravascular Lung Water (EVLW) 
EVLW is the amount of water that is present in the lungs outside of the pulmonary 
vasculature, put simply, the alveoli and interstitium of the lungs. Thus, EVLW is a 
quantitative term describing pulmonary edema. EVLW is expressed using the formulas 
described in Fig.1. Intrathoracic thermal volume (ITTV) is computed by multiplying cardiac 
output (CO) by mean transit time (MTt), which is the time when half of the indicator has 
passed the point of detection of the artery. Pulmonary thermal volume (PTV) is computed 
by multiplying CO by downslope time (DSt), which is the exponential downslope time of 
the thermodilution curve. Global end diastolic volume (GEDV) is calculated by subtracting 
PTV from ITTV. Intrathoracic blood volume (ITBV) is expressed as GEDV x 1.25. Finally, 
EVLW is calculated by subtracting ITBV from ITTV. Extravascular lung water index 
(EVLWI, EVLW/body surface area, ml/m2) is a more precise parameter than EVLW and 
provides more accurate results, particularly in overweight patients.  

 
Fig. 1. EVLW and other parameters such as intrathoracic thermal volume (ITTV), pulmonary 
thermal volume (PTV), global end diastolic volume (GEDV), and intrathoracic blood volume 
(ITBV) are described with these formulas. 
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3. PiCCO 
PiCCO (Pulsion Medical Systems, Munich, Germany, http://www.pulsion.com) is a less 
invasive advanced hemodynamic monitoring system employing the single transpulmonary 
thermodilution technique (Fig.2). It requires only a standard central venous catheter and a 
femoral, axillary, brachial, or radial artery catheter (but not a pulmonary artery catheter). 
This system enables monitoring of cardiac function, vascular tone, and fluid distribution, 
including EVLW. EVLW and EVLWI are automatically calculated after a bolus infusion of 
cold saline via the central venous catheter. As mentioned above, monitoring EVLW using 
this system in critically ill patients with ALI/ARDS has proved to be very informative and 
useful for predicting outcome. The current PiCCO2 system is employed for management of 
patients not only with ALI / ARDS but also septic shock, burns, major surgery, and cardiac 
surgery, among others.  

 
Fig. 2. General outline of the PiCCO system, which requires only a standard central venous 
catheter and a femoral, axillary, brachial, or radial artery catheter, but not a pulmonary 
artery catheter. 

4. EVLW monitoring predicts pulmonary complications after esophagectomy 
To determine whether EVLW correlates with respiratory function and predicts pulmonary 
complications after esophagectomy, we enrolled 23 patients with thoracic esophageal cancer in 
a prospective observational clinical trial (8). Informed consent was obtained from all patients.  

All of these patients underwent esophagectomy with extensive lymph node dissection and 
reconstruction involving insertion of a gastric tube via the posterior mediastinal route. They 
were also monitored perioperatively using PiCCO from the day prior to surgery through 



 
Esophageal Cancer – Cell and Molecular Biology, Biomarkers, Nutrition and Treatment 

 

242 

postoperative day (POD) two. Our standard operative procedure is right transthoracic 
esophagectomy and resection of the lesser curvature with dissection of the mediastinal 
(involving the periesophageal region and areas around trachea and bilateral main 
bronchus), the abdominal (involving the perigastric region and areas around the celiac axis), 
and the bilateral neck lymph nodes (areas around common carotid artery, internal jugular 
vein and transverse cervical artery), the so-called “three-field lymph node dissection”. 
Following surgery, the extubation criteria for the intratracheal tube were PaO2 >100 Torr 
with a <40% inspired fraction of oxygen (FiO2), forced vital capacity >800 ml, and no 
pulmonary complications. Based on these extubation criteria, the tracheal tubes were 
removed from 11 patients on the morning of POD one (extubation group); the remaining 12 
patients remained intubated (intubation group). The respiratory Index was calculated using 
the following equation: respiratory index = (PAO2 – PaO2)/PaO2, where PAO2 = [(760 – 47 
(atmospheric pressure)) x FiO2 – PaCO2/0.8]. The respiratory index essentially reflects the 
ability to oxygenate the lung.  

In all patients, EVLW correlated significantly with the respiratory index (r = 0.638, p <0.0001) 
at all measurement points after surgery (Fig. 3). The changes in EVLW and respiratory index 
during the perioperative period in the extubation and intubation groups are shown separately 
in Fig.4. In the extubation group, EVLW was clearly reduced immediately after surgery (p = 
0.0068), but it recovered to preoperative levels within 12 h after surgery and remained at that 

  
Fig. 3. EVLW correlated significantly with the respiratory index (RI) (r = 0.638, p <0.0001) at 
all measurement points after esophagectomy. 
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level through POD two. By contrast, in the intubation group, both EVLW and respiratory 
index were elevated 12 h after surgery and were even higher 24 h after surgery. All of the 
patients in the extubation group recovered with no pulmonary complications, whereas four 
patients (33%) in the intubation group developed pneumonia or atelectasis that required 
artificial respiration managements. In all four patients that developed pulmonary 
complications, an increase in EVLW preceded their onset. 

 
Fig. 4. The changes in EVLW and the respiratory index (RI) during the perioperative period 
in the extubation and intubation groups. In the intubation group, both EVLW and 
respiratory index were elevated 12 h after surgery and were even higher 24 h after surgery. 

5. Conclusion 
We have shown that EVLW measured using the PiCCO system reflects the level of 
postoperative pulmonary edema induced by esophagectomy with extended lymph node 
dissection. Patients who showed no significant postoperative changes in EVLW or 
respiratory index recovered without pulmonary complications. By contrast, those patients 
who showed an increase in EVLW on POD one showed a substantial increase in their 
respiratory index, and some developed pulmonary complications. Measurement of the 
EVLW using the PiCCO system thus proved to be a useful method for monitoring the 
pulmonary edema and was predictive of the pulmonary complications that subsequently 
occurred. This PiCCO system enables us to begin early managements of patients who 
develop pulmonary edema following esophagectomy with extensive lymph node dissection. 
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