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The frequency of various anomalies was compared in probands with Fanconi anaemia
and their affected sibs. As probands are usually ascertained because of a 'characteristic' array of
physical anomalies, the frequencies of these specific anomalies may be overestimated in probands,
whereas their affected sibs may provide a more accurate estimate.
The frequencies of growth retardation, skin hyperpigmentation, radial ray deformities, radial ray
reduction deformities, hypogenitalia, and supernumerary thumbs were significantly lower in the
affected sibs of probands than in probands. Since 25% of the affected sibs had no dysmorphic
features, absence of dysmorphism is not sufficient to rule out the diagnosis.

SUMMARY
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of probands. The rationale behind this approach is
that the array of anomalies found in Fanconi
anaemia probands will be influenced by the concept
of what constitutes the syndrome and this concept
will be strongly influenced by the description of the
original cases, which are likely to be severely
affected. Cases that do not conform sufficiently to
this preconceived picture will not be diagnosed as
Fanconi anaemia and will therefore not be included
in any series. However, the affected sibs of index
cases will provide a much more accurate representation of the phenotype, as they are included not
because they fit the preconceived picture, but because
they have a sib who does.
Fanconi's original description was of three
brothers who suffered from anaemia, skin hyperpigmentation, microcephaly, genital hypoplasia,
strabismus, and hyperreflexia.4 Hypoplasia of the
radius and thumb and deafness were subsequently
added to the list of malformations.5 6
This study presents evidence that some of the
anomalies generally considered to be characteristically associated with Fanconi anaemia are in fact
cytogenetic analysis.'
Since the diagnosis is more likely to be made in less frequent than supposed, and that no one feature
severe than in mild cases, the frequencies of specific is pathognomonic of the syndrome.
malformations in probands in published reports will
overestimate the true frequencies with which these Material and methods
anomalies occur. Statistical techniques using
clustering methods are now being developed to
of Medical Genetics and
circumvent this problem.2 3 However, in recurrent The files of the Department
for cases in which
searched
were
reports
published
conditions, an easier and more practical approach to
case descriptions were provided, and
rectifying this bias is the analysis of the affected sibs (1) adequate
(2) the proband had at least one malformation
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relevant to Fanconi anaemia and either pancytopenia
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or an increased frequency of chromosomal breaks.
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Fanconi anaemia is an autosomal recessive disease
that presents as a pancytopenia associated with a
variety of congenital malformations. The haematological features of the disease are the result of bone
marrow hypoplasia, with a subsequent reduction in
all the cellular elements of the blood. The age of
onset of the haematological problems is variable;
they generally occur between the ages of 4 and 7
years.
The congenital malformations affect one or more
systems, including the skeletal, ocular, auditory,
renal, genital, and central nervous systems. Affected
persons may have anomalies of all these systems or
just some of them and no malformation is always
present. This variation in the number and severity
of the congenital malformations precludes the
establishment of hard and fast diagnostic criteria on
clinical grounds alone. In recent years, cytogenetic
studies have demonstrated that affected subjects
usually have an increased frequency of chromosomal
breaks, even in the pre-anaemic stage, and thus the
clinical diagnosis can now be confirmed by

These criteria allowed inclusion of 89 probands
from published reports, five probands from our files,
and 44 affected sibs of probands, all from published
reports. In addition, five probands were identified
with the clinical and haematological features
typical of Fanconi anaemia, but with no increase in
chromosome breakage. This group is considered
separately, as they are all sporadic cases and more
familial cases are needed before deciding whether
they represent a variant of Fanconi anaemia with
stable chromosomes or whether they are a distinct
genetic entity.
Thus, 94 probands and 44 affected sibs were
considered suitable for this analysis. In cases where
the proband was not clearly identified, a judgement
was made on the basis of the case history.
Results
DESCRIPTION OF ANOMALIES

The haematological course of the disease is invariably
fatal and is characterised by poikilocytosis, anisocytosis, reticulocytopenia, thrombocytopenia, and
leucopenia.7 The mean age of onset was 8.4 years old
in the present series, the mean for probands being
7.9 ± 5.2 years and for non-probands 9.4 ± 6.4
years. Some cases have been reported where the
anaemia did not start until the third decade of
life.8-13 This variability cannot be attributed simply
to genetic heterogeneity, as families exist in which
one sib developed the pancytopenia at the usual age,
and other affected sibs developed it only at a later
age.
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Urogenital malformations are fairly common.
Renal anomalies may include complete absence of
one kidney, hypoplastic and/or malformed kidneys
(usually horseshoe), ectopic kidneys, and double
ureters. The genital malformations are hypogenitalia, hypospadias, and cryptorchidism. One
interesting report describes a Fanconi anaemia
patient with complete transposition of penis and
scrotum combined with mild hypospadias.46
Microphthalmia and strabismus, either convergent
or divergent, are the only ocular findings.
Hearing loss, usually mild, has been reported.6 8
11 12 26 28 31 34 38 42 47 Malformed ears have also
been observed. Although no characteristic facies has
ever been postulated for Fanconi anaemia, isolated
reports of facial anomalies such as high arched
palate, micrognathia,47 epicanthus, and facial
asymmetry38 have been published.
The typical karyotype reveals chromosomal
breaks or gaps in over 10% of cells. Recent studies
indicate that these breaks may occur in a nonrandom fashion with some areas of certain
chromosomes being more susceptible than
others.48-5'
FREQUENCIES OF ANOMALIES

The table shows the various anomalies seen in
Fanconi anaemia and the frequencies with which
they appear in probands and in affected sibs. As
expected, most of the frequencies are higher in the
probands than in the non-probands.
The most frequent finding (apart from the blood
and chromosomal abnormalities which were almost

The skeletal anomalies encountered in Fanconi
anaemia most commonly involve abnormalities of TABLE Characteristics in Fanconi anaemia in
the hand and forearm. Hypoplastic, malformed probands and non-probands.
thumbs are frequent findings6 8 1012 14-36 and,
Present in
interestingly, supernumerary thumbs are also
probands (%) Non-probands ( %)
(n = 44)
37-43
8
15
16
30
(n =94)
One patient in the series was
seen.5
reported to have a supernumerary thumb on one Growth retardation
77
49*
73
Skin hyperpigmentation
57t
hand and a dysplastic thumb on the other38 sug- Combined
radial ray deformities 66
39t
gesting that this difference in expression does not Radial ray reduction
55
36t
51
18t
represent genetic heterogeneity. The forearm Hypogenitalia
39
27
Malformed
thumb
anomalies consist of hypoplastic or absent radii.6 8 Microcephaly
37
25
17 21 22 27 29 32 34 36 44-46 Congenital hip dislocation
32
23
Renal malformation
29
20
Mental retardation
is another malformation frequently seen. Other Cardiac
29
16
murmur
skeletal anomalies have been reported in Fanconi Absent thumb
22
13
16
St
anaemia patients, but not consistently enough to be Supernumerary thumb
14
7
Microphthalmia
considered an integral part of the syndrome. These Hypoplastic/absent radius
13
9
13
5
include ulnar dysplasia (2), osteoporosis (1), Hearing loss
4
11
Hypospadias
Sprengel deformity (2), Klippel-Feil anomaly (3), Ear
11
11
malformation
and clinodactyly (5).
9
5
Congenital hip dislocation
7
19
The central nervous system can be involved in Cryptorchidism
59
63
Male
Fanconi anaemia. Microcephaly, mental retardation, No malformations
25
and growth retardation are commonly seen. One *p<0.OO0 using x2 test.
patient in the series had hydrocephalus.22
tp<0o05.
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universal) is growth retardation. Seventy-seven
percent of probands manifested this feature, whereas
only 48% of non-probands had it. This difference
was statistically significant by the x2 test (p<0.01).
Other anomalies in which there were significant
differences between probands and non-probands
were skin hyperpigmentation, combined radial ray
defects, radial ray reduction deformities, hypogenitalia, and supernumerary thumbs. Only 57 % of
non-probands had hyperpigmentation of the skin,
39% had radial ray defects, 36% had radial ray
reduction deformities, 18% had hypogenitalia, and
5 % had supernumerary thumbs.
What was surprising was that many anomalies
generally thought to be an integral part of Fanconi
anaemia were not found as frequently as expected.
Most prominent in this group are absence of the
radius, which was found in only 13% of probands
and 9 % of non-probands, and absence of the thumb,
found in 22 % of probands and 13 % of non-probands.
However, when all the radial ray defects are
combined, 66% of probands and only 39 % of nonprobands were affected. Other anomalies that
occurred with a fairly low frequency were missing or
malformed kidneys, microcephaly, mental retardation, hypospadias, cryptorchidism, and congenital
hip dislocation. A finding of particular practical
significance was that 25% of the non-probands had
no congenital malformations. Their only signs of the
disease were the pancytopenia and the chromosome
breaks. Thus, the absence of dysmorphic features
does not rule out the diagnosis of Fanconi anaemia
in an anaemic patient with chromosome breaks.
All 44 of the non-probands in this series whose
chromosomes were investigated exhibited an
increased rate of chromosomal breakage. Three
probands from published reports38 5153 and two
from our files had pancytopenia with normal
chromosomes. They were all isolated cases. All of
these patients had skin hyperpigmentation, while
growth retardation, microcephaly, and radial ray
reduction deformities were found in three of them.
GENETICS

Fanconi anaemia is an autosomal recessive disease,
with a recurrence risk of 1 in 4. Methods of
carrier detection are now being developed using
cytogenetic techniques after challenge with a
mutagen in culture.47
Earlier studies reported a distortion in the sex
ratio, with more males than females being affected in
a ratio of 3:2.21 Our series also showed a preponderance (82:54) of affected males, significantly
different from I by the x2 test (p<0 02). When
broken down into probands and non-probands, the
sex ratios do not differ significantly from unity
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(1. 43 for probands, 1 * 75 for non-probands).
Clearly, the excess of males is not the result of a
tendency to diagnose the disease in males more often
than in females, since this would lead to a higher sex
ratio in probands than non-probands.
Discussion

The genetic defect that Fanconi originally described
is a pleiotropic condition in which the two most
consistent markers are the haematological and
cytogenetic anomalies. However, the age of onset of
the anaemia is variable and it is possible that
chromosome breaks are not always present. As the
table illustrates, the range and frequencies of the
various other associated anomalies are also diverse.
The practical implications of these findings are
important. For instance, if a child presents with
hypogenitalia, microcephaly, and an unusually high
number of cells with chromosomal breaks, but no
anaemia, should he be considered as a case of
Fanconi anaemia, or should the diagnosis rest more
strongly upon the haematological findings? It is
possible that the malformations seen are not always a
harbinger of pancytopenia. Because no specific
biochemical abnormality has yet been isolated, the
diagnosis must still be based on the clinician's perspective of what Fanconi anaemia is and whether his
patient fits well enough into that classification.
The phenotype of Fanconi anaemia is probably the
result of a single genetic mutation that may or may
not produce a wide range of anomalies in affected
persons. Estren and Dameshek reported two
families in which aplastic anaemia was the only
consistent anomaly.54 Interestingly, both probands
had genital problems (one had an absent left testis
and the other had cryptorchidism), but the five
affected sibs had normal genitalia. These families
demonstrate that the anaemia need not be associated
with congenital malformations, as in the majority of
cases. Another example is a report of two brothers
with the typical haematological disease and
chromosomal breaks but no other associated

anomalies.'
The family reported by Berger and co-workers is
also an unusual variant of Fanconi anaemia.15 They
described a father with a malformed thumb whose
daughter had Fanconi anaemia. It is possible that a
dominant gene with variable expressivity produced
the Fanconi-like malformation seen in the father and
the full syndrome with anaemia in his daughter.
More probably, the anomalies seen in the father are
the result of the occasional heterozygote expression
of the Fanconi gene. Another less likely possibility is
that the father's malformations are unrelated to
those of his daughter.

An unusual sub-group of patients are the five
probands who do not have unstable chromosomes.
These patients could represent a different gene
mutation not affecting the chromosomes, or the
same mutation with chromosomal anomalies not
detectable by current cytogenetic methods, or the
lack of apparent chromosomal instability could
simply be another example of variable expression of
the Fanconi gene, as is the case with the other
malformations.
In summary, analysis of the sibs of probands
provides a more representative sampling of the
frequencies of anomalies found in Fanconi anaemia
than the probands, and demonstrates that the
frequencies of many of the anomalies have been
overestimated. This is especially true of radial ray
dysplasia, generally considered to be the most
characteristic feature of this disease, but occurring in
only 39 % of non-proband patients. Furthermore, the
diagnosis of Fanconi anaemia should not be ruled
out in an anaemic patient with chromosome breaks,
even in the absence of dysmorphic features.
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