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Introduction

Esophageal atresia with or without tracheoesophageal 
fistula (EA/TEF) represents the most common congenital 
anomaly of the upper digestive tract. The overall birth 
prevalence of EA/TEF ranges between 1 in 2,500 to 4,500 
(1,2). EA/TEF can be classified into five (Gross 1953) (3)  
respectively six (Vogt 1929) (4) subtypes depending on 
the classification system. Referring to Spitz (1) the most 
common subtype with 86% is type C according to Gross 
[1953], or type IIIb according to Vogt [1929], in which 
the proximal esophagus ends blindly in the superior 
mediastinum, whereas the distal esophagus enters the 
posterior wall of the trachea. In 45% EA/TEF presents as 

an isolated anomaly. In the remaining EA/TEF is associated 
with additional congenital anomalies as part of the VATER/
VACTERL association or within a defined monogenic 
syndrome such as Feingold syndrome, CHARGE syndrome 
and Fanconi anemia (5-7). Several murine knockout models 
presenting with EA/TEF as part of their phenotypic 
spectrum. Overall, these observations suggest that the 
causes of EA/TEF are highly heterogeneous (7). Among 
the identified underlying genetic factors are forkhead 
transcription factors, such as FOXF1 and FOXA2 (8-11). 
Interestingly, FOXF1 and FOXA2 have also been implicated 
in the formation of Barrett syndrome or esophageal 
adenocarcinoma respectively (8-12). Furthermore, EA/
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TEF can be part of the Fanconi anemia complex, a genetic 
condition associated with an increased risk of developing 
acute myeloid leukemia (AML) or tumors of the head, neck, 
skin, gastrointestinal system, or genital tract. In this context 
a recent study by Panneerselvam et al. [2013] suggests a 
novel role of an inactivated FANCD2 in the upregulation 
of the oncogenic isoform of the p63 protein, delta Np63 
(ΔNp63), supporting the idea that an impaired Fanconi 
anemia pathway contributes to the pathogenesis of certain 
human malignancies (12). As these genes participate in early 
embryonic foregut development and formation of EA/TEF 
and as these genes are also associated with gastrointestinal 
carcinomas and cancer precursors we thought to investigate 
the prevalence of common gastrointestinal carcinomas 
among EA/TEF patients and their first- and second-degree 
relatives (parents and grandparents). Furthermore, we also 
thought to investigate the prevalence of Barrett-syndrome 
and achalasia among EA/TEF patients and the first- and 
second-degree relatives.

Methods

EA/TEF patients and families

The study fulfilled with the requirement of the Declaration 
of Helsinki, and ethical approval was obtained from 
the local ethic committee (Lfd. Nr. 073/12 & 146/12). 
Every participating family provided written informed 
consent. Families were re-contacted within the context 
of two German multicenter studies on the genetic and 
environmental causes of: (I) EA/TEF [“The genetic risk for 
esophageal atresia-consortium (great-consortium)”]; and 
(II) ARM [“Network for the Systematic Investigation of the 
Molecular Causes, Clinical Implications, and Psychosocial 
Outcome of Congenital Uro-Rectal Malformations 
(CURE-Net)]”. 

Gastrointestinal cancer: German Centre for Cancer 
Registry Data of the Robert Koch Institute 

The German Centre for Cancer Registry Data of the Robert 
Koch Institute registers incidents and prevalence of every 
cancer in Germany. The latest data available to compare the 
prevalence of esophageal cancer, stomach cancer and bowel 
cancer is from 2014. The data shows the crude rate of the 
5-year prevalence for each cancer subdivided by the sex 
and different age groups. Small intestine cancer and colon 
cancer are not registered individually.

Questionnaires

We send out 280 questionnaires (families of great-
consortium n=230; families of CURE-Net n=50). In order 
to include as many families as possible, we additionally re-
contacted all families by phone. The questionnaire asked 
for the presence of Barrett syndrome, achalasia, carcinoma 
of esophagus, stomach, small intestine, and colon. We asked 
for the occurrence of these diseases among parents and 
grandparents of the respective patient. The questionnaire 
did not include at what age the disease occurred and at 
what age the respective family members had died if they 
were dead. All patients were born between 1970 and 2015. 
Thirteen patients had VATER/VACTERL association, two 
had Goldenhar syndrome. 

Results

Questionnaire return rate

Of the 280 questionnaires sent out, the return rate was 44% 
(n=124 families). These 124 families comprised 248 first-
degree relatives and 496 second-degree relatives. Fifty-nine 
of EA/TEF patients were aged 0–15 years of age; 53 EA/
TEF patients were 15–30 years of age, and 12 EA/TEF 
patients were >30 years of age. 

First- and second-degree relatives (parents and 
grandparents)

In 92 families none of the first- or second-degree relatives 
had Barrett syndrome, achalasia, carcinoma of esophagus, 
stomach, small intestine or colon at the time of assessment. 
In 32 (P=0.26) families there was at least one family member 
who was affected by Barrett syndrome, achalasia, carcinoma 
of esophagus, stomach, small intestine or colon at the time 
of assessment. 

In 22 families one family member was affected, in nine 
families two members were affected and in one family 
three family members were affected by one or two diseases. 
The information on two mothers and on four fathers,  
12 grandmothers and 13 grandfathers remained incomplete 
even after personal inquiry. 

Barrett syndrome
The Barrett syndrome occurred three times. Two of these 
three affected with Barrett syndrome came from the 
same family and concerned the mother and the maternal 
grandfather of the EA/TEF affected patient. As there is no 
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population to compare it to, we cannot tell if the prevalence 
of Barrett syndrome among first- and second-degree 
relatives of EA/TE patients is elevated. 

Achalasia
Achalasia appeared once in combination with colon 
carcinoma in a second-degree relative. Birgisson (13) 
describes the prevalence of Achalasia in Iceland with 
8.7/100,000 and Sadowski et al.  (14) describes the 
prevalence with 10.8/100,000. As in our study only one 
second-degree relative presented with Achalasia at the time 
of assessment, we did not perform statistical analysis on a 
possible association here.

Gastrointestinal carcinoma
Esophageal carcinoma occurred six times in second-
degree relatives. In one instance carcinoma of the colon 
co-occurred with carcinoma of the esophagus. In one first- 
and in four second-degree relatives carcinoma of the small 
intestine occurred of which three were combined with 
carcinoma of the colon. In three first-degree relatives and in 
21 second-degree relatives carcinoma of the colon occurred 
(Table 1). Our questionnaire did not differentiate between 
polypose and non-polypose colon cancer. 

A comparison of the results to the data of the German 
Centre for Cancer Registry Data is not possible, as the 
information on age of the second-degree relatives is 
incomplete and the number of cases of the first-degree 
relatives is too small to compare it (Table 2). To show the 
problem in an example: with a crude rate of 135 affected in 

100,000 males between 45–54 years of age we would have 
had to interrogate at least 740 men of that age group to find 
out if the prevalence had been elevated or not elevated. 

Of all first- and second-degree relatives that participated 
(n=713), 3.4% had colon carcinoma. These relatives 
range with their age between 37 and 82. When looking at 
population based data the life risk of colon carcinoma in 
Germany for the age range 0–84 is between 3.7–6.4% (15). 
Hence, in this explorative comparison, our data suggest that 
we need further analysis from large EA/TEF study groups in 
order to re-evaluate a possible association of colon carcinoma 
and the occurrence of EA/TEF within the same family.

Discussion

Previous studies showed that several genes involved in 
the formation of mainly non-isolated/syndromic EA/
TEF were also involved in the pathogenesis of human 
gastrointestinal carcinoma (12). The present study 
investigated the prevalence of Barrett syndrome, Achalasia 
and gastrointestinal carcinomas among first- and second-
degree relatives (parents and grandparents) of EA/TEF 
patients. To the best of our knowledge, this is the first study 
to investigate such associations among EA/TEF families. 
Of the 280 questionnaires sent out, the return rate was 
44% (n=124 families). It is unclear, why the return rate was 
below 50%, as our questionnaire was purely explorative 
and restricted to six questions each family member only. 
Furthermore all families addressed had previously consented 
to participate in our genetic and epidemiologic study on the 
causes of EA/TEF. 

When looking at first- and second-degree relatives of 
EA/TEF patients we found in 32 of 124 families at least one 
affected family member with Barrett syndrome, Achalasia 
and/or gastrointestinal carcinoma. 

Most of these affected first- and second-degree relatives 
had colon carcinoma (n=24). While our questionnaire did 
not differentiate between polypose and non-polypose colon 
cancer, we did not find any previously described association 
between congenital anomalies of the esophagus and any 
form of colon carcinoma in the literature. An explorative 
comparison between the here observed prevalence of colon 
carcinoma and population-based data suggest that we need 
to re-evaluate a possible association of colon carcinoma and 
the occurrence of EA/TEF within the same family within 
the context of large EA/TEF study groups.

Our preliminary analysis on the co-occurrence or 
association of Barrett syndrome, achalasia or gastrointestinal 

Table 1 Prevalence of investigated gastrointestinal disease in first- 
and second-degree relatives

Disease
First-degree relatives Second-degree relatives

Mother Father Grandmother Grandfather

Barrett 
syndrome

1 0 1 1

Achalasia 0 0 0 1

Esophageal 
CA

0 0 2 4

Stomach CA 0 0 2 8

Small 
intestine CA

1 0 3 1

Colon CA 1 2 9 12

CA, carcinoma.
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carcinomas among EA/TEF patients has several major 
limitations. First, the assessment was made through a 
patient/family based self-assessment questionnaire. While 
all families who reported a positive history where re-
contacted personally by the author FZ to confirm the 
diagnosis of the affected family members, we did not assess 
how thorough all family members were evaluated for the 
presence of Barrett syndrome, achalasia or gastrointestinal 
carcinomas. Furthermore, family members who deceased 
in the past with unknown cause were not further 
investigated. Third, the EA/TEF cohort investigated 
was relatively young, rendering their risk for developing 
Barrett syndrome, achalasia or gastrointestinal tumors 
relatively low. Finally, or study cohort is not population 
based but has been re-contacted through two German wide 
studies on the “The genetic risk for esophageal atresia-
consortium (great-consortium)” and the “Network for the 
Systematic Investigation of the Molecular Causes, Clinical 
Implications, and Psychosocial Outcome of Congenital 
Uro-Rectal Malformations (CURE-Net)”. 

Conclusions

Our study suggests that the occurrence of common 
gastrointestinal disease among first- and second-degree 
relatives of EA/TEF patients needs to be re-evaluated in 
large EA/TEF study groups. Furthermore we suggest a 

possible association of colon carcinoma and the occurrence 
of EA/TEF within the same family. 
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