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Abstract: Esophageal cancer affects more than 4,50,000 persons worldwide, and its incidence 

has increased in recent years. It is the eighth most common cancer across the globe. The main 

histologic types are esophageal squamous cell carcinoma (ESCC) and esophageal adenocarci-

noma (EA), and their associated risk factors are well known. Achalasia, an idiopathic esophageal 

disorder that conditions aperistalsis and the absence of lower esophageal sphincter relaxation, 

stands out among them. The prevalence of ESCC in subjects with esophageal achalasia is 26 

in every 1,000 cases, whereas the prevalence of EA is 4 in every 1,000. Patients with achalasia 

have a 50 times higher risk of presenting with ESCC than the general population, and the dis-

ease manifests 20–25 years after achalasia symptom onset. Multiple mechanisms are related 

to the development of ESCC in achalasia, and they include bacterial overgrowth, food stasis, 

genetic alterations, and chronic inflammation. Regarding the risk of EA in achalasia patients, 

most cases are associated with Barrett’s esophagus, due to uncontrolled chronic acid reflux. 

Given that achalasia is a well-established factor for ESCC/EA, clinicians must be aware of said 

associations to enable the development of programs for the prevention and opportune detection 

of these cancers in patients with achalasia.
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Introduction
Esophageal cancer affects more than 4,50,000 persons worldwide, and its incidence 

has increased in recent years.1 It is the eighth most common cancer across the globe.2 

Nearly four out of five cases occur in nonindustrialized nations, with the highest rates 

in Asia and Africa.2 The National Cancer Institute has estimated 16,910 new cases 

of esophageal cancer and 15,910 deaths from the disease in 2016. In the majority of 

countries, the estimated range of 5-year survival in patients with esophageal cancer is 

from 15% to 25%.3 In most cases, the outcome is poor and the mortality rate is high.4

There are two main histologic types of esophageal cancer: esophageal squamous 

cell carcinoma (ESCC) and esophageal adenocarcinoma (EA). The incidence, ethnic 

pattern, and geographic distribution of the two pathologies are significantly heteroge-

neous.5 ESCC is the most frequent histologic subtype worldwide and more frequently 

presents in underdeveloped countries, whereas EA is the histologic subtype in up to 

50% of the cases of esophageal cancer in Western countries, and its incidence has 

increased rapidly.2 The most widely accepted explanation for that phenomenon is the 

elevated prevalence of obesity, illustrated by the fact that the risk of EA is three times 

higher in obese subjects.1,5
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Other less frequent (<5%) neoplasias can develop in the 

esophagus, such as esophageal sarcoma and small cell car-

cinoma in 1%–2% of cases. Melanomas, leiomyosarcomas, 

carcinoid tumors, and lymphomas are even rarer.1

As occurs in the majority of malignant neoplasias of the 

gastrointestinal tract, esophageal cancer is associated with 

well-known factors, but unlike other cancers, esophageal 

cancer screening is difficult and not very reliable, and late 

presentation is common in most cases.6

In addition, achalasia is a relatively rare condition with an 

annual incidence rate of 0.5–1.2 per 1,00,000 individuals.7 It 

is a motility disorder of the esophagus, and although its etiol-

ogy has not been conclusively determined, there is increasing 

evidence that achalasia is the result of autoimmune mecha-

nisms, based on its high association with other autoimmune 

disorders and with human leukocyte antigen abnormalities.8 

The main pathophysiologic mechanism described is a decrease 

in the number of myenteric neurons, or their absence, causing 

aperistalsis and impaired relaxation of the lower esophageal 

sphincter. Most likely, the myenteric neurons disappear due to 

chronic ganglionitis.8 Clinically, patients develop dysphagia as 

a consequence of the loss of esophageal peristalsis and failure 

of the lower esophageal sphincter to relax, especially during 

swallowing.9 Achalasia is a relatively rare condition, but it 

has the complication risks of megaesophagus,10 aspiration 

pneumonia,11 and esophageal cancer, specifically ESCC.12,13

The present article is a review of the available evidence 

on the relationship between achalasia and ESCC/EA, taking 

into account the pathophysiologic mechanisms involved, the 

clinical evidence, and the possibility of disease detection 

and opportune treatment in patients presenting with those 

associated pathologies.

Risk factors for ESCC
As is the case of all malignant neoplasias, ESCC is the result 

of the interaction of numerous factors (Table 1) that provide 

the predisposing conditions for the esophageal mucosa to 

come into contact with carcinogens.2 The incidence of ESCC 

also increases with patient age and peaks in the seventh 

decade of life. ESCC frequency is three times higher in 

blacks than in whites, whereas adenocarcinomas are more 

common in white males.1

Most factors implicated in cancer of the esophagus, so far, 

appear to act directly on the esophagus, rather than behaving 

systemically. Smoking and chronic alcohol consumption are 

the greatest risk factors associated with ESCC, especially in 

combination. Research suggests that tobacco carcinogens, 

chiefly nitrosamines, come into contact with the esophageal 

mucosa through tobacco condensate ingestion.1,14 The number 

of cigarettes smoked per day and the length of time spent 

smoking are directly correlated with the risk of esophageal 

cancer.1,14 Hookah smoking, nass (a smokeless tobacco) use, 

and opium consumption are other factors related to ESCC.15 

Interestingly, there is a higher risk of developing ESCC in 

patients who have presented with squamous cell cancer in 

other parts of the body (especially the head and neck),16,17 

which is associated with the fact that the same risk factors 

of alcohol and tobacco are shared.16,17 The estimated excess 

risk of ESCC in patients with head and neck cancer expressed 

with a standardized incidence ratio is 21.16 Currently, the risk 

of developing a synchronous or metachronous ESCC is the 

highest in patients with hypopharyngeal and oropharyngeal 

cancers, followed by oral cavity, laryngeal, or nasopharyn-

geal cancers.18,19 Likewise, patients are at increased risk of 

metachronous esophageal cancer after endoscopic resection 

Table 1 Risk factors associated with esophageal squamous cell carcinoma and esophageal adenocarcinoma

Squamous cell carcinoma Adenocarcinoma

•	 Smoking
•	 Chronic alcohol consumptiona

•	 Caustic injury
•	 Achalasia
•	 Chagas disease
•	 Older age
•	 Male sex
•	 Black race
•	 Tylosis
•	 Previous SCC of the head or neck
•	 Papilloma virus infection
•	 Frequent consumption of hot beverages
•	 Micronutrient deficiencies (zinc, selenium, molybdenum, iron)

•	 Barrett’s esophagus
•	 Obesity
•	 Smoking
•	 Chronic alcohol consumptiona

•	 Older age
•	 Male sex
•	 White race
•	 Previously treated achalasia without anti-reflux therapy
•	 Genetic predisposition

Note: aMore than three drinks per day.
Abbreviation: SCC, squamous cell carcinoma.
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of ESCC. The risk of metachronous cancer is estimated at 

4%–25% at 4 years of follow-up.20

Nutritional deficiencies, another factor related to ESCC, 

can develop through chronic alcohol use, as well as through 

poverty and lack of an adequate food supply. However, 

not everything can be explained from the dietary perspec-

tive. Chronic esophageal irritation also occurs when food 

is retained and decomposed by bacteria, releasing various 

chemical irritants. Frequent consumption of hot beverages 

also appears to increase the incidence of ESCC.21 Drinking 

green tea at high temperatures resulted in a six or seven 

times greater increase in the risk of ESCC in patients who 

were also smokers.22

Esophagitis due to caustic agents is another factor 

involved in the development of ESCC.16 The risk of pre-

senting with ESCC in patients with esophagitis caused by 

corrosive agents has been described at 1,000–3,000 times 

higher than in the general population.23 ESCC can present 

within the first year of exposure to a corrosive agent or up 

to 40 years later.24,25 The mechanism associated with the 

development of ESCC due to caustic agents is related to the 

chronic inflammation they condition, as well as to the local 

damage they produce.

A genetic predisposition is also associated with the devel-

opment of ESCC and is linked to specific genes involved 

in alcohol metabolism, such as those related to the alcohol 

dehydrogenase and the aldehyde dehydrogenase 2 enzymes.26 

The cyclin D1 (CCND1) G870A polymorphism has also 

been associated with ESCC.27 In addition, tylosis, a disease 

with an autosomal dominant pattern of inheritance mapped 

to a region on chromosome 17q25, is related to the develop-

ment of ESCC.16,28 Tylosis is characterized by a thickening 

of the palms of the hands and soles of the feet, and there is 

a 40%–95% increased risk of developing ESCC throughout 

the patient’s lifetime.16,28,29

The geographic variability in the incidence of esophageal 

cancer (more frequent in China, Africa, and the Middle East) 

strongly points to nutritional factors and is correlated with 

areas whose populations have a deficient nutritional status.1,2 

Along with malnutrition itself, micronutrient deficiencies 

of zinc, molybdenum, magnesium, and iron in the soil are 

involved. The clearest relation is that of molybdenum defi-

ciency. It enables the accumulation of nitrates and nitrites 

in plants, which in turn convert them into nitrosamines, the 

known esophageal carcinogens.30 Plummer–Vinson (or Pat-

erson–Kelly) syndrome has been associated with carcinoma 

of the upper third of the esophagus and is related to both 

iron-deficiency anemia and vitamin B deficiencies.31 Human 

papillomavirus (HPV) and Epstein–Barr virus have also been 

associated with ESCC.32

Finally, the prevalence of esophageal cancer in achalasia 

is variable, but most cases in patients with achalasia corre-

spond to ESSC. However, there have also been cases of EA 

associated with Barrett’s esophagus. These two associations 

and their mechanisms will be discussed in detail in the fol-

lowing sections.

Risk factors for EA
The main risk factor for EA is Barrett’s esophagus, a pre-

neoplastic condition considered a chronic complication of 

gastroesophageal reflux disease. A linear increase in the 

incidence of EA has been described, which coincides with a 

greater incidence of Barrett’s esophagus. It is important to 

emphasize that the risk factors for Barrett’s esophagus are 

also considered risk factors “per se” for EA, such as smoking, 

chronic alcohol consumption, obesity, male sex, and white 

race.33 The increasing prevalence of obesity in the Western 

world is currently thought to be the main risk factor for EA. 

It has been postulated that obesity increases intraabdominal 

pressure, which serves as a chronic mechanism that induces 

gastroesophageal reflux through a specific mechanism, but 

other studies suggest that adipose tissue itself influences 

tumor development.34,35

Links
Achalasia as a risk factor for ESCC
Clinical evidence
The clinical manifestations of achalasia are characterized by 

progressive dysphagia, predominant nocturnal regurgitation, 

nondigested food aspiration, and weight loss. Nevertheless, 

in the early disease stages, characteristics can be similar 

to those of gastroesophageal reflux disease, including the 

typical retrosternal thoracic pain after eating and stomach 

acidity.36 Due to the nonspecific symptoms in the initial 

disease stage, the condition is often not diagnosed for years, 

resulting in late-stage disease characteristics and their associ-

ated complications of malnutrition, risk of pneumonia due to 

bronchoaspiration, and cancer of the esophagus.

Esophageal cancer is an infrequent complication of 

achalasia, and in several studies, it ranges from 0.4% to 

9.2%.7,13,37–39 The relationship between achalasia and esopha-

geal carcinoma was first reported in 1872.39 Since then, there 

have been several case reports and studies conducted on the 

theme, with limited but useful information.

There is considerable variation in the documented risk 

of ESCC in achalasia, and some authors have reported an 
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increase in esophageal carcinoma up to 50 times higher than 

in a control population matched by age and sex.40,41 ESCC 

typically develops 10–15 years after achalasia diagnosis 

or 20–25 years after the onset of achalasia symptoms.42 

Tumors usually arise in a widely dilated esophagus and, when 

detected, are large and at an advanced stage.

In a prospective study conducted in 1992 that evaluated 

the incidence of ESCC in subjects with achalasia who were 

treated with pneumatic balloon dilation, the risk of ESCC was 

estimated to be 33 times higher than in a control population.42 

In that study, the mean time interval was 17 years from the 

onset of dysphagia to the diagnosis of cancer and was 5.7 years 

from the diagnosis of achalasia to the diagnosis of ESCC. In 

one of the better cohorts studied, Leeuwenburgh et al39 fol-

lowed 448 patients for a mean 9.6 years (range: 0.1–32) and 

found that 3.3% of the patients developed ESCC, with an 

annual incidence of 0.34 (95% CI: 0.20–0.56). The relative 

hazard rate of esophageal cancer was 28.

In a recent meta-analysis of 40 studies (11,978 patients), 

Tustumi et al43 described an incidence of squamous cell 

carcinoma of 312.4 cases per 1,00,000 patient-years at 

risk. The prevalence of ESCC in subjects with esophageal 

achalasia was 26 cases in 1,000, with an increase in absolute 

risk of squamous cell carcinoma of 308.1 cases per 1,00,000 

patients per year. Taking into account only cohorts from South 

American countries, where Chagas disease is endemic, the 

prevalence of carcinoma was 56 cases per 1,000 patients 

with achalasia. In the rest of the world, the prevalence of 

carcinoma was 26 cases per 1,000 patients with achalasia. The 

prevalence ratio was 3.35 (95% CI: 2.1–5.34; P<0.01). Other 

interesting data from that meta-analysis were that, contrary 

to what occurs in ESCC unrelated to achalasia, the majority 

of cases of achalasia-associated ESCC present in the lower 

third of the esophagus (42%), followed by the middle third 

of the esophagus (49%), and the upper third of the esophagus 

(17%; P=0.0013). Furthermore, the pooled data showed that 

the mean survival rate after cancer diagnosis was 12.7 months 

and only 4.54% of the patients survived longer than 5 years.43

Pathophysiology of ESCC in achalasia
Multiple pathophysiologic mechanisms have been related 

to the development of ESCC in patients with achalasia 

(Figure 1). One hypothesis is that food stasis promotes lactic 

acid production and fermentation due to bacterial over-

growth, which stays in the distal portion of the esophagus, 

causing slow and continuous chronic inflammation, damag-

ing the esophageal mucosa, and predisposing to dysplastic 

changes.10,37–42 In addition, a damaged esophageal mucosa 

is prone to be exposed to food carcinogens, such as nitro-

samines, alcohol, and tobacco. In untreated patients with 

achalasia, 24-hour pH-study tracing shows episodes of slow 

elimination reflux or prolonged episodes of acid exposure 

with no acid elimination. The possible causes of the slow 

esophageal elimination of acid reflux could be secondary 

to an aperistaltic esophageal body or to the fermentation of 

retained food.44 Episodes of poor acid reflux clearance could 

also cause lesions.

With respect to histologic alterations and dysplasia 

markers, Chino et al45 conducted a study on six patients with 

achalasia and ESCC, carrying out histologic mapping of 

Figure 1 Model representing the pathophysiologic mechanisms related to the development of ESCC in patients with achalasia.
Notes: The model illustrates food stasis in which bacterial overgrowth causes fermentation and produces lactic acid. Interaction with co-carcinogens, such as nitrosamines, 
and other genetic and environmental factors produces chronic inflammation, which, after several years, induces dysplasia and then cancer.
Abbreviations: ESCC, esophageal squamous cell carcinoma; HPV, human papillomavirus; EBV, Epstein–Barr virus.
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the esophageal samples. They reported marked hyperplastic 

changes in the stratified squamous epithelium and multiple 

foci of dysplastic changes. The ESCC was well differentiated, 

with low-grade atypia, closely associated with dysplastic foci. 

Immunohistochemical staining for p53, p21, p16, and the epi-

dermal growth factor receptor suggested that the dysplastic 

epithelium was a borderline lesion between hyperplasia and 

carcinoma in situ. These findings imply that esophageal food 

stasis induces chronic hyperplasia that finally transforms 

into malignant epithelial cells of the esophagus, associated 

with the dysplasia-carcinoma sequence.45 Regarding p53, 

in addition to overexpression in ESCC with achalasia, there 

are also mutational changes of that tumor suppressor. On 

occasion, high-grade squamous dysplasia or superficially 

invasive squamous cell carcinoma is an incidental finding 

in achalasia patients.

Other genetic abnormalities described in ESCC associ-

ated with achalasia include mutations that could be associ-

ated with advanced megaesophagus due to Chagas disease. 

A silent mutation at codon 88 of exon 7 of the FHIT gene 

and a mutation involving exon 6 of the TP53 gene, as well as 

mutations in exons 5 and 7 of that gene, have been reported.46 

Aneuploidies for chromosomes 7, 11, and 17 may possibly 

be associated with an increased risk of ESCC.47

Interestingly, idiopathic achalasia, like non-achalasia-

related ESCC, is a disease that is associated with low 

socioeconomic levels and poverty. It is postulated that those 

situations predispose to malnutrition, vitamin deficiencies, 

and infections that could be related to achalasia (eg, HSV-1 

and Epstein–Barr), as well as to ESCC (HPV).32

Achalasia as a risk factor for EA
Clinical evidence
As mentioned above, although most cases of achalasia-

associated esophageal cancer are ESCC, there have 

been cases of adenocarcinoma associated with Barrett’s 

esophagus. The majority of those cases are due to the 

fact that once the achalasia is resolved, the exposure of 

the esophageal mucosa to acid is not properly controlled 

(through acid secretion inhibitors or even surgery), and 

the patients remain permanently exposed to acid, which 

induces Barrett’s esophagus.38

A Dutch study found that 8.4% of 331 patients with acha-

lasia previously treated with pneumatic dilation developed 

Barrett’s esophagus over a period of up to 25 years.48 The 

annual incidence of Barrett’s esophagus was 1.00% (95% 

CI: 0.62–1.37), and a hazard ratio of 8.04 for developing 

Barrett’s esophagus was found if a hiatal hernia was present.

The effects of chronic acid exposure after esophagectomy 

have been described in patients with achalasia. The authors 

of a 10-year prospective study on 101 patients with advanced 

achalasia who underwent esophagectomy and cervical gas-

troplasty evaluated them histologically and endoscopically 

every 2 years and reported an incidence of esophagitis in the 

esophageal stump of 45.9% at 1 year, 71.9% at 5 years, and 

70.0% at 10 years of follow-up.49 The appearance of ectopic 

columnar metaplasia and Barrett’s esophagus was 10.9% at 

1–5 years, 29.5% at 5–10 years, and 57.5% at ≥10 years of 

follow-up. Cancer of the esophageal stump was detected in 

five patients: three with ESCC and two with EA.49

In their meta-analysis, Tustumi et al43 found that the 

incidence of EA in patients with achalasia was 21.3 cases 

per 1,00,000 patient-years at risk. The prevalence of EA in 

subjects with esophageal achalasia was 4 cases in 1,000, 

with an increase in the absolute risk of EA of 18.03 cases 

per 1,00,000 patients per year.

Even rarer, there are reports of achalasia as a symptom 

of EA. According to such clinical evidence, achalasia is a 

risk factor for EA.50

ESCC and EA prevention in 
achalasia
Once the “risks and links” between ESCC/EA and achalasia 

are established, it is logical to think of strategies to prevent the 

development of those neoplasias. Although a regular surveil-

lance program for esophageal cancer as standard practice in 

patients with achalasia is controversial, clinicians who treat 

patients with achalasia should be keenly aware of the associa-

tion to detect cancer in its early stages.16,51 However, current 

guideline recommendations are controversial. Some state 

that the data are insufficient to support routine endoscopic 

surveillance for patients with achalasia,52,53 but others sug-

gest surveillance at 3-year intervals, if the disease has been 

present for more than 10–15 years.54 One of the arguments 

against surveillance in achalasia patients is the lack of studies 

regarding the cost-effectiveness of those programs, because 

the incidence of cancer is low.16,55 A large population-based 

study from Sweden showed that annual surveillance after 

the first year would require 406 endoscopic examinations 

in men and 2,220 in women to detect one case of ESCC.16,56

There are also other technical limitations that challenge 

the performance of appropriate screening of the achalasic 

esophagus, such as the fact that the entire esophagus is at 

risk.16,55 If we take into consideration that the mucosa is often 

covered with food debris and has a cobblestone appearance, 

a complete examination is almost impossible, and random 
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biopsies might not be representative.55 In addition, the major-

ity of surveillance and screening studies for ESCC in patients 

with achalasia have been performed with conventional 

white-light endoscopy, making it necessary to evaluate the 

usefulness of newer technologies, such as chromoendoscopy, 

narrow banding imaging, and confocal microscopy.

When combining the pros and cons, it seems useful to 

define high-risk patients and to develop a tailor-made surveil-

lance program. For instance, if patients had other risk fac-

tors for ESCC besides achalasia, such as male sex, age >60 

years, cigarette smoking, and alcohol use, perhaps advanced 

surveillance should be recommended earlier, compared with 

patients who do not have these risk factors.

Even though surgical treatment for achalasia has been 

successful, the risk of ESCC and EA can persist, raising the 

question of whether patients who have been operated on for 

achalasia should still be in a surveillance program. In a pro-

spective follow-up study on 32 patients, Ota et al57 found that 

6 patients (18%) developed esophageal cancer despite being 

in a surveillance program. An annual follow-up endoscopy 

was done, and the average duration of follow-up until cancer 

after surgery was 14.3 years (range: 5–40 years). Therefore, 

it is suggested that even though surgery for achalasia usually 

improves passage symptoms, esophageal cancer still arises 

in some cases, and the number of tumors developing after 

many years is not negligible. Accordingly, long-term endo-

scopic follow-up is needed for the detection of malignancy 

at an early stage. However, as mentioned above, there is no 

recommendation for when to begin such vigilance or how 

often and for how long it should be carried out.

Finally, several preventive strategies are under investi-

gation to prevent ESCC (achalasia related or nonrelated) 

using agents such as nonsteroidal antiinflammatory drugs, 

selenium, alpha-difluoromethylornithine, and retinoids.1 Fruit 

and vegetable intake is considered to have a preventive role. 

Carotene, vitamin C, and vitamin E are protective elements, 

most likely in combination with each other and with other 

micronutrients.58

Conclusion
Achalasia, an idiopathic motor disorder of the esophagus that 

conditions aperistalsis and the absence of lower esophageal 

sphincter relaxation, is a risk factor for the development of 

ESCC/EA. Multiple mechanisms are related to the devel-

opment of ESCC in achalasia, and they include bacterial 

overgrowth, food stasis, genetic alterations, and chronic 

inflammation. Regarding the risk of EA in achalasia patients, 

most cases are associated with Barrett’s esophagus, due to 

uncontrolled chronic acid reflux. The clinician must be aware 

of these associations so that programs for the prevention 

and opportune treatment of these neoplasias in patients with 

achalasia can be developed.
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