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Abstract
Patients with Fanconi anemia (FA) often have birth defects
that suggest the diagnosis of VATER association. A review of
2,245 cases of FA reported in the literature from 1927 to 2012
identified 108 cases with at least 3 of the defining features of
VATER association; only 29 had been so noted by the authors.
The FAVATER signature was the significantly higher frequen-
cy of renal and limb (radial and/or thumb) anomalies (93% of
cases had both) compared with less than 30% of VATER pa-
tients; the presence of one or both of these birth defects
should lead to testing for FA. The relative frequencies of the
genotypes of the patients with FA VATER were strikingly dif-
ferent from those expected from the general FA population;
only 19% were FANCA, while 21% were FANCB, 14% FANCD1/
BRCA2, and 12% FANCD?2. Consistent with their genotypes,
those with the FA VATER phenotype had a worse prognosis
than FA patients with milder phenotypes, with shorter me-
dian survival and earlier onset of malignancies. The early
identification of FA patients among infants with VATER as-
sociation should lead to earlier more proactive manage-
ment, such as cancer surveillance and genetic counseling.
Copyright © 2012 S. Karger AG, Basel

VATER association, which has expanded to VAC-
TERL, as well as VACTERL-H, includes a constellation of
patients with any combination of 3 or more congenital
anomalies described by the acronym (table 1) (MIM
192350, 276950). VATER was first described in 1972. Sub-
sequently, the frequency of the association in the general
population was estimated to be 1 per 10,000 to 1 per
40,000 [Solomon et al., 2012], while the frequency in pa-
tients concurrently or subsequently diagnosed with Fan-
coni anemia (FA; MIM 227650) was stated to be 5% [Es-
mer et al., 2004; Faivre et al., 2005]. FA is a primarily
autosomal recessive syndrome (FANCB is X-linked reces-
sive), with physical anomalies in about 60% of more than
2,200 patients reported in the literature, and high risks of
bone marrow failure, acute myeloid leukemia (AML) and
solid tumors, particularly head and neck squamous cell
carcinomas and vulvar, vaginal and cervical squamous
cell carcinomas [Shimamura and Alter, 2010]. One of the
most severe FA genetic groups is composed of patients
with biallelic mutations in FANCDI/BRCA2; in this
group, we estimated the frequency of VATER to be 19%
[Alter et al., 2007]. Those patients are at extremely high
risk of early-onset mid-line brain tumors, Wilms tumors
and AML. Since FA patients with the more severe pheno-
types may be at the highest risk of early-onset bone mar-
row failure and AML [Faivre et al., 2000], early diagnosis
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Fig. 1. Individual features of FA VATER. All patients had at least
3 of the VACTERL-H features. RL (renal and limb; radial ray)
anomalies were the most frequent individual features, reported in
104 of the 108 patients with FA VATER.

Table 1. VACTERL-H

Feature Definition

A% vertebral anomalies

A anal atresia

C cardiac anomalies

T tracheal-esophageal fistula

E* esophageal atresia, also duodenal atresia

R renal structural anomalies

L limb anomalies, essentially radii and/or thumbs
H hydrocephalus

*Some studies include esophageal atresia with tracheal-es-
ophageal fistula, while others score these anomalies separately,
and still others include duodenal atresia with esophageal, as we
have done.

prior to the development of those complications would
result in earlier surveillance and treatment as well as ge-
netic counseling for the parents.

We examined all published cases of FA (n = 2,245) to
determine the frequency of VACTERL-H features, and
we have identified a specific combination of anomalies
which was present in almost all FA patients who met cri-
teria for VATER association as well as combinations that
were extremely rare in FA; these distinctive features may
guide physicians toward or away from early FA testing.
We have also examined associations of VACTERL-H
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anomalies with specific FA genotypes and compared the
overall survival and cancer risks in FA VATER patients
with other FA patients. The diagnosis of FA was accepted
as stated by the authors of the literature articles and
ranged from characteristic physical findings with and
without hematologic problems to diagnoses based on in-
creased chromosome breakage in peripheral blood lym-
phocytes cultured with DNA-crosslinkers, to identifica-
tion of specific mutations in FA genes in the modern era.

Materials and Methods

Medline searches for relevant case reports have been per-
formed frequently by BPA and include cases from 1927 through
August 2012. The search terms were ‘Fanconi’ and ‘VATER, VAC-
TERL, or VACTERL-H’. Details in the case reports were entered
in Microsoft Excel, and analyses were done with Excel 2010 (Mi-
crosoft, Redmond, Wash., USA), Stata 12.1 (StataCorp, College
Station, Tex., USA), and Matlab 2008b software (The MathWorks,
Natick, Mass., USA). The Kaplan-Meier product limit estimator
was used to calculate actuarial survival probabilities by age and
cumulative incidences in the absence of competing risks; subjects
were censored at death and at stem cell transplant when appropri-
ate [Kaplan and Meier, 1958]. The individual features of the VAC-
TERL-H association were scored as single, double and multiple
combinations. Comparisons were made between FA VATER with
all FA cases identified as well as with a large series of VATER cas-
es [Botto et al., 1997]. Statistical tests were 2-sided, and p values
<0.05 were considered significant.

Results

There were 2,245 cases of FA anemia reported in detail
from 1927 to 2012; the male:female ratio was 1.1:1. Twen-
ty-nine cases were called “VATER’ by the original authors.
Although the physical findings were not described in
many cases, an additional 79 cases, for a total of 108 of the
2,245 (88 of the 1,967 cases reported since 1972), listed
congenital anomalies that were sufficient to qualify as
VATER association (3 or more of the typical findings).
The male:female ratio for the FA VATER subgroup was
also 1.1:1. Table 1 describes the anomalies used in this
study to characterize the VACTERL-H association;
esophageal stenosis was scored separately from tracheal-
esophageal fistula. One hundred and four of the 108 had
renal (R) and/or limb (L, radii and/or thumb) anomalies;
101 had both (fig. 1, 2). The next most frequent single
finding was cardiac anomalies in 64 patients, of whom 61
had R and 60 had L abnormalities. For FA the most com-
mon combination of 3 VACTERL-H features was CRL, in
58 patients. Additional combinations seen in at least 10
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Fig. 2. Pairs of features of FA VATER. RL anomalies occurred to-
gether in 101 patients; the next most frequent pairs were cardiac
and R or L anomalies (61 and 60 patients), followed by vertebral
and L or R (24 and 25 patients).

patients included only VRL and ARL. Thus, in FA pa-
tients, VACTERL-H depends on the presence of RL
anomalies, combined primarily with cardiac, anal or ver-
tebral birth defects (fig. 3).

There are at least 15 genes involved in the FA/BRCA
DNA repair pathway (http://www.rockefeller.edu/fanco-
ni/), with mutations in FANCA, the most common at
65%, followed by FANCC and FANCG at 10% each
(fig. 4A). The genotypes of the FA VATER patients were
available in 42 of the 108 cases. In this small subset, the
relative frequencies of the genotypes of the patients with
FA VATER were strikingly different from those expected
from the general FA population (fig. 4B). Only 19% were
FANCA, while 21% were FANCB, 14% FANCDI1/BRCA2
and 12% FANCD?2. Because of the small numbers, we
combined the FA VATER genotypes according to their
place in the DNA repair pathway. The core complex in-

FA VATER

Fig. 3. Unique combinations of FA VATER features. The most fre-
quent triplets were CRL in 36, and VRL and ARL in 12 and 9 pa-
tients, respectively. The most common combination of 4 features
was VCRL in 5 patients. The identification of VACTERL-H in FA
essentially included any combination in which Rand L were found.

cludes proteins from FANCA, FANCB, FANCC, FANCE,
FANCEF, FANCG, FANCL, and FANCM and is required
for monoubiquitination of proteins coded by FANCD2
and FANCI, which then lead to DNA repair by down-
stream proteins coded by FANCDI/BRCA2, FANC]J/
BRIP1/BACH2, FANCN/PALB2, FANCO/RADSIC,
FANCP/SLX4, as well as BRCA1, and other products of
genes that may be mutated in FA patients [Shimamura
and Alter, 2010]. The pathway combination strategy dem-
onstrated that 50% of the patients had mutations in 4 of
the core complex genes (A, B, C, and G), 19% in D2 or I
and 31% in downstream genes (D1, ], N and O; fig. 4C).
Despite the small numbers, these proportions are signif-
icantly different (p < 0.001) from the expected values of
94%, 2% and 5%, due to an excess of patients with muta-
tions in the D2/I and downstream regions. The majority
of the FA VATER mutations in the core complex were in
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Fig.4. Genotypes of FA and FA VATER patients. A All FA patients,
adapted from published frequencies of FA genotypes (http:/
www.rockefeller.edu/fanconi/). Group A comprises more than
65% of all patients. B Frequencies of FA genotypes reported in 42
of the 108 FA VATER patients. The most frequent groups were B,
A, D1 and D2, followed by J, C, and I. C Frequencies of FA VATER
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Fig. 5. Percent of all FA cases with genotype reported in the lit-
erature in which criteria were met for VATER association. The
VATER features were more frequent than expected in FANCB, D1,
D2, I, ], N, and O, compared with an expected uniform distribu-
tion across genotypes.
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genotypes according to their location in the FA/BRCA DNA re-
pair pathway: the core complex (A, B, C, G; n = 21) was the largest
group, followed by downstream genes (D1, ], N, O; n = 13), and
then the D1/I group (n = 8). FA VATER features appear to be dis-
tributed throughout the FA/BRCA DNA repair pathway.

FANCB, followed by FANCA. From another perspective,
75% of (9 of 12) patients reported in the literature to be
FANCB had a VATER phenotype, in contrast with only
3.5% of the 227 FANCA patients identified in the litera-
ture review (p = 0.007; fig. 5). The genotypes in which
more than 20% of reported cases were FA VATER were
primarily the rare types, including FANCB, FANCI,
FANC]J, FANCN, and FANCO (only 2 patients were re-
ported). However, the individual congenital anomalies
were distributed in very similar patterns among the ge-
notype groups, with R and L the most frequent, and eith-
er C or A the next most common (fig. 6).

Further exploration of the similarities or differences
between FA VATER and the VATER association [Botto et
al., 1997] identified distinct single birth defects which
were significantly enriched in each group (fig. 7). The FA
VATER patients had higher frequencies of anomalies of
R, L and C, while the VATER group were more likely to
have anomalies of V, A and T (p < 0.001 for each combi-
nation). The patterns of multiple anomalies also differed.
Botto et al. [1997] identified 16 patterns among their 286
patients with VAR, ATR and VATR comprising more
than half their cases (fig. 8), in contrast to the FA VATER
group, in whom those combinations were found in less
than 20% of cases. The most frequent combinations in FA
VATER were CRL, ARL and VRL, which were found in
more than half of the patients (fig. 3). Thus, the FA pa-
tients who met criteria for the VATER association ap-
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Fig. 6. Single features of VACTERL-H and FA pathway groups.
The patterns of the single anomalies are very similar, and suggest
that the pattern of the FA VATER association is not unique to a
specific FA pathway location.

peared to have specific combinations of the requisite fea-
tures that have not been reported for the general VATER
population.

The subset of FA patients who could be called ‘VATER’
differed from other FA patients in their genotypes, dis-
cussed above, and also in their prognosis (which may in
turn be related to their genotypes). They had a shorter
survival (fig. 9), with a median of 14 years, compared
with 25 years in the entire group of FA patients reported
in the literature. The FA VATER patients also had ear-
lier onset of cancer (fig. 10), with a cumulative incidence
of 15% by age 10 years, compared with 9% in the entire
FA case report series. The early cancers were brain,
Wilms tumors and AML in 6 patients with FANCDI1/
BRCA2, and one each FANCD2 and FANCN/PALB?2.
Thus the combination of a VATER phenotype, FA and a
mutation in a downstream gene has a particularly bad
prognosis.

Discussion

Although only 1% of the FA cases in the literature were
originally identified as VATER association, 5% of the case
reports overall (108/2,245) and 5% (88/1,967) of the cases
reported since VATER was first described include physi-

FA VATER

Fig. 7. Comparison of single features in 108 FA VATER with 286
VATER patients [Botto et al., 1997]. The features in higher percent
in FA VATER than in VATER were R and L, followed by C and H,
while those in higher percent in VATER without FA were V, A and
T. * Higher in FA VATER. ** Higher in VATER.
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Fig. 8. Unique combinations of VATER features in the literature
[Botto et al., 1997]. The most frequent were VAR in 26%, ATR in
19% and VATR in 7%. Both the VATER shown here and the FA
VATER in figure 3 include combinations that are unique to each:
CRL in FA VATER, and VAR and ATR in VATER.
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cer was 15% by age 10, while it was 9% by
that age in the entire FA group.

cal findings sufficient to indicate that they fit into the
VATER association. This is broadly consistent with previ-
ous estimates [Esmer et al., 2004; Faivre et al., 2005] of the
frequency of FA in VATER cohorts. However, since pa-
tient’s appearances were not mentioned in 40% of the case
reports, the frequency of VATER in FA could be closer
to 10%. A prospective study of all patients classified as
VATER by geneticists and subsequently diagnosed with
FA is necessary to determine the true frequency of FA in
VATER; this requires that all VATER patients be screened
for FA.

Half of the FANC genotypes with the VATER pheno-
type appear to be in the D2 ubiquitination and down-
stream pathways, and thus, a potential screening test
might be the Western blot for D2 ubiquitination [Shi-
mamura et al., 2002]. If this reaction does occur, then
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FANCB, A and C need to be considered, since they com-
prise the other half of the patients. Lack of ubiquitination
suggests that the patient has a form of FA associated with
a particularly bad prognosis, with high risk of early-onset
cancer and rapid demise. This conclusion supports the
concept of genotype/phenotype/outcome correlation.

The combination of a careful physical examination
with renal ultrasound, in which the FA pattern of VAC-
TERL-H features is found, is more than sufficient to war-
rant FA testing with chromosome breakage, perhaps fol-
lowed immediately with the Western blot for D2 ubiqui-
tination. Gene sequencing can then be performed for the
candidate genes suggested in this report. However, in
those with downstream mutations, careful scrutiny for
the types of cancers expected should begin without wait-
ing for the gene sequencing result.

Alter/Rosenberg



This study suggests that FA patients within the VATER
(or VACTERL-H) association can be immediately recog-
nized by an ‘FA VATER signal’, the combination of RL
(renal and radial ray) anomalies alone or with any other
tinding, which should lead to testing for FA. There should
be no delay, waiting for bone marrow failure, AML or a
tumor to lead to the diagnosis of FA. More than 90% of
the FA VATER patients in the literature had both R and
L anomalies, and more than 50% combined those find-
ings with congenital cardiac disease, in contrast with
none of the non-FA VATER patients.

There are several potential limitations to the data pre-
sented here. There may be a recognition bias among pa-
tients with birth defects in that FA testing may be trig-
gered by the observation of abnormal radii and/or
thumbs, alone or combined with hematologic or malig-
nant disease. Identification of R anomalies requires a step
beyond a physical examination, namely renal ultrasound,
and thus, the diagnosis of FA may already have been en-
tertained prior to finding the renal structural abnormal-
ities. Another bias may have been due to reporting cases
in which ultimately sufficient physical findings were
identified, but they may not have been noted initially. It
should be pointed out that the features of FA patients with
VATER are not the age- and/or sun-exposure findings
that are characteristic of FA, such as delayed growth and
development, and café au lait spots and hyper- and hypo-
pigmentation. Another limitation is that physical find-
ings were not included in 40% of the literature case re-
ports, and thus, the estimate of 5% with VATER pheno-
type is indeed an estimate. Furthermore, the analysis
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