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Chronic esophageal candidiasis is an infection that is mostly seen in immunocompromised conditions,

among which is chronic mucocutaneous candidiasis (CMC). Recently an association between CMC and

esophageal carcinoma has been reported. Here we present two patients with chronic esophageal

candidiasis who developed esophageal squamous cell carcinoma and we discuss the etiologic role of

Candida-induced nitrosamine production, the loss of STAT1 function and impaired tumor surveillance

and T-lymphocyte function in the development of esophageal carcinoma.

& 2012 International Society for Human and Animal Mycology. Published by Elsevier B.V. All rights

reserved.
1. Introduction

Esophageal candidiasis is a condition mostly seen in immuno-
compromised patients. It is usually caused by Candida albicans, but
other species are occasionally found [1]. Patients at high risk are
those infected with HIV, patients with hematologic malignancies or
those receiving chemotherapy for solid tumors, and patients with
congenital immunodeficiencies such as idiopathic CD4þ lympho-
penia or chronic mucocutaneous candidiasis. Especially in the
latter patient groups, infection is often prolonged and refractory
to treatment.

Chronic mucocutaneous candidiasis (CMC) is a heterogenous
group of clinical syndromes characterized by chronic or recurrent
infections of the skin, nails and mucous membranes caused by
Candida spp. Recently, several reports have suggested an association
between CMC with oral squamous cell carcinomas [2–4]
and esophageal carcinomas [5–8], especially in patients with
autoimmune polyendocrinopathy-candidiasis-ectodermal dystro-
phy (APECED). Esophageal carcinoma has also been described
in CMC patients with concurrent IgA deficiency [6,7], which is
associated with the development of solid and lymphoid tumors [9].

Here, we describe two patients with chronic esophageal candi-
diasis who developed esophageal carcinoma. One subject was
diagnosed with autosomal dominant CMC due to mutations in the
DNA sequence encoding the signal transducer and activator of
transcription 1 (STAT1). The second patient had isolated refractory
esophageal candidiasis for over 10 years, without other manifesta-
tions of CMC. We provide a review of the literature and we speculate
about the mechanisms underlying the association between chronic
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esophageal candidiasis and the development of squamous cell
carcinoma.
2. Cases

2.1. Case 1

The patient is a Dutch woman who presented with recurrent oral
and vaginal Candida infections, and onychomycosis since birth. There
was no consanguinity within her family. She experienced episodes of
retrosternal pain and difficulty on swallowing solid food from the age
of 12. At the age of 23, endoscopy of the upper digestive tract showed
esophageal candidiasis and ketoconazole was prescribed. Immunolo-
gical evaluation had shown normal lymphocyte counts, neutrophil
function and immunoglobulin concentrations. Based on the clinical
features, a diagnosis of chronic mucocutaneous candidiasis was made.

At 25 years of age, the patient presented with progressive
dysphagia and retrosternal pain. There was no weight loss. She
had smoked 20 cigarettes per day for the last 5 years, but used no
alcohol. Endoscopy showed candidiasis of the proximal esophagus.
Cytology samples revealed yeasts, as well as malignant epithelial
cells. After two weeks of treatment with itraconazol 200 mg,
endoscopy was repeated. Candidiasis had markedly improved but
at 26 cm from the mouth an opaque white, irregular stenosis was
found, histology of which showed poorly differentiated squamous
cell carcinoma. Further staging did not reveal any evidence of
locoregional spread or distant metastasis. An esophagectomy was
performed, followed by reconstruction with colonic interposition.
The reason for choosing a colonic interposition was that Candida

species do not grow on colonic epithelium as they do on squamous
cell mucosa (Dr. John E Bennett, personal communication). Although
oral candidiasis persisted, repeated endoscopy showed no signs of
ycology. Published by Elsevier B.V. All rights reserved.
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candidiasis or malignancy in the neo-esophagus during 20 years of
follow-up. In fact, below the proximal anastomosis of the neo-
esophagus, candidal growth was never seen.

Her family history was notable for autosomal dominant CMC.
She gave birth to three children, one of whom also suffered from
CMC. The affected child was a son, who is now 17 years old. He
experienced frequent Candida stomatitis since the age of 4 years, for
which he was treated with fluconazol. At the age of 13 years he
developed complaints of retrosternal pain. Esophagogastroduoden-
socopy showed normal mucosa without signs of malignancy or
candidiasis. Multiple biopsies of the esophagus showed no abnorm-
alities. The index patient’s mother, who also had recurrent fungal
infections of skin and mucous membranes, was diagnosed with
esophageal cancer at the age of 32 years and had died one year later.
Recently, a mutation in the DNA sequence encoding the signal
transducer and activator of transcription (STAT1) was identified in
both this patient and her affected son [10].

2.2. Case 2

A 71-year-old Dutch man presented with a history of recurrent
esophageal candidiasis for nine years. His medical history was
unremarkable except for a Herpesvirus infection of the left eye
at the age of 35, which necessitated corneal transplantation. He
did not smoke or use alcohol. He used a proton pump inhibitor
(omeprazole 40 mg) because of retrosternal pain. He did not use
immunosuppressants. His CD4þ count was normal (1300�106/
ml) as were his IgA, IgM and IgG immunoglobulin concentrations,
complement activity (CH50, AP50) and Mannose Binding Lectin
(MBL) concentration. Upper digestive endoscopy repeatedly
showed extensive esophageal candidiasis. Cultures yielded Candida

albicans, for which he was treated with multiple courses of
fluconazole 200 mg daily for two weeks (MIC 1 mg/l). However,
after each course, relapse occurred within a few weeks of cessation
of antifungal therapy. Prolonged therapy with fluconazole 150 mg
per day was effective during 10 months, after which he experi-
enced difficulty in swallowing solid food and progressive retro-
sternal pain. A new upper digestive endoscopy again showed
esophageal candidiasis (Fig. 1) and cultures now revealed Candida

glabrata, resistant to fluconazole. He was treated with caspofungin
(70 mg daily) in combination with amphotericin B (oral suspen-
sion, six times 400 mg) for two weeks. Follow-up endoscopy,
however, showed persisting esophageal candidiasis and Candida

albicans was isolated. During subsequent months, flucytosine
(2000 mg intravenously every six hours) and high dose fluconazole
Fig. 1. Upper digestive endoscopy showing extensive esophageal candidiasis.
(800 mg/d) were added to his antifungal regimen without success.
Stimulation of antifungal immune response with recombinant
G-CSF (300 mg subcutaneously three times per week for one
month) and Interferon-gamma (IFNg) (100 mg subcutaneously
three times per week for one month) did not result in clinical
and microbiological improvement.

CT scan of the thorax showed thickening of the esophageal wall
and multiple slightly enlarged subcarinal and hilar lymph nodes.
Biopsies of the esophageal wall showed no signs of malignancy
despite repeated sampling (on ten occasions over 18 months time).
Endobronchial Ultrasound Biopsy (EBUS) and two Transbronchial
Needle Aspirations (TBNA) of mediastinal lymph nodes did not show
signs of malignancy either. Despite nasogastric feeding, the patient
lost 15 kg of body weight and his condition deteriorated. He refused
further invasive diagnostic procedures or esophageal surgery.
Respiratory failure occurred, leading to death. On autopsy a well-
differentiated squamous cell carcinoma was found with invasive
growth in mediastinal lymph nodes and bronchus (pT4). Candida

glabrata was isolated from lung and esophageal tissues.
3. Discussion

We present two patients who developed esophageal carcinoma
after prolonged esophageal candidiasis. One of these patients
was diagnosed with autosomal-dominant chronic mucocutaneous
candidiasis, the other patient had isolated esophageal candidiasis.

Multiple etiologic factors play a role in the development of
squamous cell carcinoma of the esophagus, among which alcohol
consumption and smoking are the most important [11]. The incidence
of esophageal squamous cell carcinoma varies considerably among
geographic regions, probably caused by a combination of common
environmental risk factors and inherited predisposition. Ingestion of
nitrosamines in food [12] and tobacco [13] have long since been
implicated as risk factors for the development of esophageal cancer.

Candidiasis is often found in patients with esophageal carcinoma.
A prospective study on the frequency of gastro-esophageal candidia-
sis in 465 patients who underwent endoscopy, showed that candi-
diasis was more frequent in patients with esophageal carcinoma
(27%) than in patients with other forms of mucosal injury, such as
oesophagitis (15%) [14]. Although candidiasis can develop secondary
to malignancy, possibly due to impaired antifungal host defense due
to mucosal damage, there is increasing evidence that Candida

infection itself has carcinogenic properties and several reports have
been published of increased incidence of oral and esophageal
squamous cell carcinoma in patients with chronic candidiasis.

One important mechanism that has been proposed to underlie
this phenomenon is the catalytic activity of Candida, which facil-
itates the production of carcinogenic nitrosamines such as nitroso-
N-methylbenzylamine (NBMA) from their precursors [15]. A high
nitrosation potential of Candida strains isolated from oral leukopla-
kia lesions was associated with more advanced precancerous
changes, supporting the hypothesis that yeasts play a causal role
in oral cancer by means of endogenous nitrosamine production [16].
These data are supported by experimental studies showing that
Candida acts as a promoter of oral carcinogenesis in rats [17].
The long-term infection of esophageal epithelium by Candida, and
the subsequent increased exposure to nitrosamine, may explain the
development of esophageal carcinoma in our patient described in
case 2, who did not have any other risk factors for this condition
(smoking, alcohol or genetic predisposition).

Colonization of the esophagus by Candida is common even in
healthy volunteers (7.5%) [18], while that of the colon is much
less. Based on unpublished observations that candidiasis is less
likely to occur on colonic epithelium, a colon interponate was
chosen for reconstruction after esophagectomy in the first
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patient. A reason for this difference might be the differential
capacity of the fungus to adhere to epithelial cells. In vitro
experiments showed that adhesion, invasion and damage by
C. albicans depend not only on fungal morphology and activity,
but also on the epithelial cell type and the differentiation stage of
the epithelial cells, indicating that epithelial cells differ in their
susceptibility to the fungus [19].

The carcinogenic effect of nitrosamines on esophageal mucosa
is mediated through the stimulation of nicotinic acetylcholine
receptors (nAChRs) in target cells [20]. In vitro assays using
immortalized human esophageal epithelial (Het-1A) cells showed
that stimulation with nitrosamines upregulates STAT1 expression
and protein binding activity [20]. STATs (signal transducer and
activator of transcription) are a family of cytoplasmic proteins that
play a role as signal messengers and transcription factors. STATs
are activated by cytokines and they regulate the expression of
several genes associated with cellular growth and differentiation.
Furthermore, STAT1 activation is involved in apoptosis of esopha-
geal squamous cell carcinoma cells and in the terminal differentia-
tion of normal squamous cells [21]. In vitro stimulation of TE8
esophageal cancer cells showed that Epidermal Growth Factor
(EGF) inhibits the growth of esophageal cancer cells that over-
express EGF receptor through a STAT1-dependent mechanism [22].

An association between chronic candidiasis and oral [2,3] or
esophageal squamous cell carcinoma [5–7,24] has been described in
CMC patients. Recently, a mutation in the gene encoding STAT1 was
identified as the cause of autosomal dominant CMC in five families,
including the patient described in case 1 [10]. Three out of sixteen
CMC affected patients in these families also developed esophageal
cancer (at the age of 41, 25 and 32) and one developed oral
squamous cell carcinoma [8,10]. Interestingly, all CMC patients with
oral or esophageal carcinoma had the Ala267Val mutation in the
coiled-coil domain of STAT1. Functional studies in these patients
showed defective T-lymphocyte immune responses, such as produc-
tion of IFNg IL-17 or IL-22. While IL-17 and IL-22 are crucial
components of the mucosal antifungal defense, IFNg plays a pivotal
role in tumor surveillance. The latter has been illustrated in a study
showing increased tumor induction in IFNg receptor knock-out mice
and in STAT1 knock-out mice (which are insensitive to IFNg) when
exposed to chemical carcinogens [25].

In a large cohort of patients with esophageal carcinoma
(n¼351), head and neck squamous cell carcinoma (n¼375) and
healthy controls (n¼309), the Ala267Val mutation was not found
[26]. However loss of STAT1 activation in cell lines established
from esophageal carcinoma has been shown to be associated with
a deleterious clinical course in patients [23].

Altogether, these data support the hypothesis that STAT1 plays
an important role in the development of esophageal carcinoma
induced by chronic Candida infection.

A study from Finland showed that 10% of all adult patients
diagnosed with APECED had developed oral or esophageal squa-
mous cell carcinoma at a mean age of 37 years [5]. APECED is an
autosomal recessive disorder caused by mutations in the AIRE
(autoimmune regulator) gene. AIRE encodes for a nuclear tran-
scriptional protein that regulates immunological self-tolerance.
It is characterized by chronic mucocutaneous candidiasis, hypo-
prathyroidism and Addison’s disease. It has been suggested that
in patients with APECED, T-lymphocyte immunological surveil-
lance fails due to autoantibodies against IFNg and IL-17, leading
to chronic Candida infection as well as impaired clearance of
precancerous cells. Esophageal carcinoma has also been described
in CMC patients with concurrent IgA deficiency [6,7], and it
remains to be investigated whether similar mechanisms are at
work in these patients, as in those with STAT-1 defects.

In conclusion, these cases illustrate that patients with long-
lasting esophageal Candida infection have an increased risk of
developing oral and esophageal squamous cell carcinoma. The
pathogenesis of development of esophageal malignancy in
patients with chronic candidiasis remains to be fully elucidated,
but it is probably multifactoral. Candida-related nitrosamine
production seems to be an important risk factor for this increased
incidence, while STAT1 defects may play an important role in
failing to contain esophageal cell carcinoma in autosomal domi-
nant CMC. Impairment of the function of T-lymphocytes is seen in
various degrees in CMC patients, and this is hypothesized to play
an important role. The high risk of malignancy in patients with
chronic candidiasis warrants close follow-up in order to detect
esophageal and oral carcinoma at an early stage. Aggressive
treatment of oral and esophageal candidiasis is recommended,
as well as repeating upper digestive endoscopy and biopsy of
erosive lesions lasting more than 2 weeks [5]. Furthermore,
patients should be advised to defer from use of alcohol and
tobacco.
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