European Journal of Human Genetics (2011) 19; doi:10.1038/ejhg.2011.45
© 2011 Macmillan Publishers Limited All rights reserved 1018-4813/11

www.nature.com/ejhg

Clinical utility gene card for: CHARGE syndrome

Kim Blake*!, Conny MA van Ravenswaaij-Arts?, Lies Hoefsloot> and Alain Verloes*

European Journal of Human Genetics (2011) 19, doi:10.1038/ejhg.2011.45; published online 16 March 2011

1. DISEASE CHARACTERISTICS
1.1 Name of the disease (synonyms)
CHARGE syndrome (CHARGE association, Hall-Hittner syndrome).

1.2 OMIM# of the disease
#214800.

1.3 Name of the analysed genes or DNA/chromosome segments
CHD7.

1.4 OMIM# of the gene(s)
#608892.

1.5 Mutational spectrum

Predominantly heterozygous point mutations (72% nonsense or
frame shift, 13% splice site and 10% missense). Less than 5% of
the whole-exon deletions or microdeletions of 8ql2.1, including
CHD7.1-3

1.6 Analytical methods
Sequencing of all coding exons, including their boundaries of
CDH7, MLPA covering most coding exons, including the 5UTR
and the first non-coding exon of CHD7. Array CGH in selected
cases.™®

Conventional cytogenetics is usually normal. Translocations
with breakpoint through CHD7 have been reported incidentally

(Jongmans!).

1.7 Analytical validation

Sequence analysis detects >99% of the (point) mutations present in
the area that has been investigated, MLPA has an estimated sensitivity
of >90% for individual exons, and >95% for deletions covering
more probes.

1.8 Estimated frequency of the disease

(incidence at birth (‘birth prevalence’) or population prevalence)
Prevalence at birth: 1:10000 (ranges from 1:8500 to 1:15000 in the
literature).

1.9 If applicable, prevalence in the ethnic group of investigated
person

There is no evidence at present for a different prevalence in various
ethnic groups.

1.10 Diagnostic setting

Yes No
A. (Differential) diagnostics X O
B. Predictive testing X O
C. Risk assessment in relatives X O
D. Prenatal X O
Comment:

2. TEST CHARACTERISTICS

A: True positives
B: False positives

C: False negatives

Genotype or disease
_— D: True negatives

Present Absent
Test
Positive A B Sensitivity: A/(A+C)
Specificity: D/(D+B)
Negative C D Positive predictive value:  A/(A+B)

Negative predictive value: D/(C+D)

2.1 Analytical sensitivity

(proportion of positive tests if the genotype is present)

Depends on the method used. If only CHD7 sequencing is performed,
deletions are missed less than 5% due to whole-exon or whole-gene
deletions.>” If sequencing is combined with MLPA, 100%.

2.2 Analytical specificity

(proportion of negative tests if the genotype is not present)
Almost 100% (some variants may erroneously be interpreted as
pathogenic).

2.3 Clinical sensitivity

(proportion of positive tests if the disease is present)

The clinical sensitivity can be dependent on variable factors such as

age or family history. In such cases a general statement should be

given, even if a quantification can only be made case by case.
Depends on the clinical criteria used. In over 95% of the patients who

fulfil the criteria of Blake or Verloes®® a mutation is found.! In those who

are suspected for CHARGE syndrome in 60-70% a mutation is found
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(CHARGE syndrome sometimes can be excluded if a patient does not fulfil
the clinical criteria and does not carry a mutation or deletion of CHD?).

Some conditions can mimic CHARGE syndrome: 22q11 deletion
syndrome, VACTERL association, chromosomal disorders (eg, dele-
tions 3p12p21.2'), disorders caused by teratogens (eg, maternal
diabetes, Accutane), and Kallmann syndrome.

2.4 Clinical specificity

(proportion of negative tests if the disease is not present)

The clinical specificity can be dependent on variable factors such as
age or family history. In such cases a general statement should be
given, even if a quantification can only be made case by case.

The clinical variability of the syndrome is considerable. If the
diagnosis is based on the Blake or Verloes criteria, some people with
CHARGE will be missed. The clinical specificity is over 95%, since less
than 5% of the patients with a CHD7 mutation do not completely
fulfil these criteria. However, it should be taken into account that the
mild end of the phenotypic spectrum is not completely known yet. For
example, CHD7 mutations are also found in patients diagnosed with
Kallmann syndrome or hypogonadotropic hypogonadism with mini-
mal additional features of CHARGE syndrome.!12

2.5 Positive clinical predictive value
(life-time risk to develop the disease if the test is positive)
100%, but high clinical variability (see also 2.4).

2.6 Negative clinical predictive value

(probability of not developing the disease if the test is negative)
Assume an increased risk based on family history for a non-affected
person. Allelic and locus heterogeneity may need to be considered.
Index case in that family had been tested:

100%.

Index case in that family had not been tested:

This depends on the a priori chance of the index to find a mutation,
which varies between 60-90%. There is always a residual risk, but
complete analysis (sequencing and MLPA) will reduce this by 90-95%.

3. CLINICAL UTILITY
3.1 (Differential) diagnosis: The tested person is clinically affected
(To be answered if in 1.10 ‘A’ was marked)

3.1.1 Can a diagnosis be made other than through a genetic test?

No O (continue with 3.1.4)
Yes X

Clinically

Imaging

Endoscopy

Biochemistry

Electrophysiology

Other (please describe)

OO0O0ORKRK

3.1.2 Describe the burden of alternative diagnostic methods to the
patient.

CHARGE syndrome can be diagnosed clinically but not by solely using the
CHARGE acronym (C=coloboma, H=heart defect, A=choanael Atresia,
R=retardation of growth and development, and E=ear abnormalities) or
the major criteria (coloboma of the eyes, choanal atresia, characteristic ear
malformations including deafness, and cranial nerve abnormalities).
Scanning of the temporal bones often elicits abnormalities in the semi
circular canals, which brings more specificity to the diagnosis.'?
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3.1.3 How is the cost effectiveness of alternative diagnostic methods
to be judged?

Gene testing is still expensive, and for that reason many parents,
particularly those with older children, have not had their child
tested.!* Either gene testing or clinical criteria can miss some indivi-
duals with CHARGE syndrome. However, gene testing may be
important in patients who do not have the classical CHARGE
characteristics and may be at risk for the long-term complications
of CHARGE syndrome.

3.1.4 Will disease management be influenced by the result of a
genetic test?

No O
Yes X

Therapy Depends on clinical manifestations: severe gastroesophageal

(please reflux resulting in tube feeding, problems with swallowing and

describe) aspiration, and secretions are a cluster of the hidden problems
in CHARGE Syndrome. Earlier identification of hearing and
visual loss with multidisciplinary educational team, physio-
therapy, occupational therapy, speech therapy, psychology.
Some patients require growth hormone and many require
hormones to enter puberty. Problems with bone mineral density
means nutritional therapy and physiotherapy, early in life and
into adolescence (increased levels of vitamin D and calcium
may be required).

Prognosis A positive genetic test will alert professionals to a diagnosis of

(please CHARGE syndrome. An early diagnosis and management of the

describe) sensory impairments may improve prognosis. Parents are also
required to be highly proactive and organized with this syndrome
involving such complexity. Parents can also become involved with
the international CHARGE Syndrome Support Group.

Management This can be divided up into early middle and late.

(please

describe)

Early management may involve repair of choanal atresia,
cardiac abnormalities, and tracheoesophageal fistula. Attention
to gastroesophageal reflux and the swallowing mechanism is an
important early management problem that is often forgotten.!®
Botox injections into the salivary glands have recently proven
effective.1®

Middle — attention to physical therapy for balance problems.
Occupational therapy for fine motor and feeding problems.
Speech and language therapy for swallowing, feeding problems,
and speech. In the last 8 years, children with CHARGE
syndrome are less likely to have tracheostomies, but are more
likely to have G or J tube feeding. Watching for hidden
anomalies such as renal disease, t-cell dysfunction, continued
assessment of hearing, and vision with a view to baha or
cochlear implants.

Late — hormone issues are common, growth hormone deficiency is
less prevalent than abnormalities of sex hormones, especially in
boys. Vitamin D and calcium intake throughout childhood and into
adolescent hood needs to be maximized. We recommend increase
calcium and vitamin D intake to protect bone development.1?

3.2 Predictive setting: The tested person is clinically unaffected but
carries an increased risk based on family history
(To be answered if in 1.10 ‘B’ was marked)

3.2.1 Will the result of a genetic test influence lifestyle and
prevention?
If the test result is positive (please describe):



If the test result is positive, yes; see 3.1.4.
If the test result is negative (please describe):
If the test result is negative, depends on clinical manifestations.

3.2.2 Which options in view of lifestyle and prevention
does a person at risk have if no genetic test has been done
(please describe)?

No special options.

3.3 Genetic risk assessment in family members of a diseased person
(To be answered if in 1.10 ‘C’ was marked)

3.3.1 Does the result of a genetic test resolve the genetic situation in
that family?

Not necessarily, but if a mutation is found in the patient and not in
the parents, recurrence risk can be given with more certainty and
prenatal diagnosis can be offered. Moreover, in that situation sibs
of the patient do not have an increased risk for having children
with CHARGE syndrome. If the mutation is found in mosaic or
non-mosaic form in one of the parents, recurrence risk is increased
(up to 50%) and prenatal or pre-implantation diagnosis should be
discussed.

3.3.2 Can a genetic test in the index patient save genetic or other tests
in family members?

Family members may have very mild characteristics of CHARGE
syndrome and therefore should be tested. Somatic mosaicism has been
described in parents. So in case of child wish, parents should be tested
to obtain a more accurate recurrence risk.

3.3.3 Does a positive genetic test result in the index patient enable a
predictive test in a family member?

Yes. If an index patient has CHARGE syndrome other family members
can be genetically tested.

3.4 Prenatal diagnosis
(To be answered if in 1.10 ‘D’ was marked)

3.4.1 Does a positive genetic test result in the index patient enable
a prenatal diagnosis?

Yes. If an index patient has CHARGE syndrome, then subsequent
pregnancies can be screened genetically and by ultrasound.

4. IF APPLICABLE, FURTHER CONSEQUENCES OF TESTING

Please assume that the result of a genetic test has no immediate
medical consequences. Is there any evidence that a genetic test is
nevertheless useful for the patient or his/her relatives? There is a lot of
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discussion in Hartshorne et al'? that might be helpful, including
reasons for testing or not testing given by parents and a discussion of
the ethical issues involved.
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