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Impact of genotype-first diagnosis: the detection of
microdeletion and microduplication syndromes with
cancer predisposition by aCGH
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Background: The use of microarray-based comparative genomic hy-
bridization has allowed the genetic diagnosis of some conditions before
their full clinical presentation. This “genotype-first” diagnosis has the
most clinical implications for genomic alterations that confer an ele-
vated risk of cancer. In these cases, diagnosis before the manifestation
of the patient’s full phenotype dramatically impacts genetic counseling,
clinical management, and eventual prognosis and survivability. Meth-
ods: Using microarray-based comparative genomic hybridization, we
tested 18,437 individuals with indications such as developmental dis-
abilities and congenital anomalies. Results: We identified 34 (0.18%)
individuals with DNA copy number gains or losses that encompassed
gene regions associated with recognized genetic conditions with an
increased risk for cancer. Three of the 34 individuals (8.8%) had a
previously abnormal cytogenetic study which microarray-based com-
parative genomic hybridization confirmed and/or further characterized.
Seven of the 34 individuals (20.6%) either had the correct disease
specified in the clinical indication for study or had clinical features
highly indicative of that syndrome. The remaining 24 patients (70.6%)
had indications for study that were not specific to the diagnosed syn-
drome, such as “developmental delay” or “dysmorphic features.” Con-
clusions: The ability of microarray-based comparative genomic hybrid-
ization to rapidly and objectively interrogate the genome for
chromosomal imbalances has led to the opportunity to optimize medical
management and outcome. This has an even more profound impact and
clinical utility in conditions associated with cancer predisposition
syndromes. Genet Med 2009:11(5):314-322.
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icroarray-based comparative genomic hybridization
(aCGH) has become an important cytogenetic diagnostic
tool in the evaluation of patients with intellectual disabilities,
developmental delays, birth defects, seizures, behavior distur-
bances, or aberrant growth patterns. aCGH has identified new
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syndromes,'~* expanded phenotypic spectrums of previously
identified syndromes,> elucidated the genomic basis of well-
defined clinical syndromes,® and refined molecular mechanisms
of chromosomal aberrations identified by routine karyotyping.”

This technology is frequently used to assist in diagnosing
patients without clinical findings suggestive of a specific struc-
tural chromosome disorder.® Before the adoption of aCGH in
diagnostic testing, the recommended cytogenetic evaluations for
individuals with intellectual disability, developmental delay,
birth defects, abnormalities in growth, seizures, or behavior
differences such as autism consisted of karyotyping followed by
subtelomeric fluorescence in situ hybridization (FISH). If clin-
ical features increased suspicion for a specific microdeletion or
microduplication syndrome, single-locus FISH could be pur-
sued, but success in diagnosis depended on classic phenotypic
presentation and the clinician’s ability to recognize character-
istic clinical features. In contrast to the “phenotype-first” ap-
proach of the past, aCGH expands upon the “genotype-first”
approach of routine chromosome analysis and, more recently,
subtelomeric FISH studies, by allowing a comprehensive ob-
jective interrogation of chromosome structure for microscopic
and submicroscopic imbalances throughout the genome in in-
dividuals who may not exhibit recognizable phenotypic features
of a specific disorder.® This genotype-first approach allows for
the diagnosis of genetic conditions in infants and children
before the full manifestation of classic or recognizable clinical
features to a greater extent than has ever been available in the
past. Early diagnosis provides opportunities to refine medical
management to optimize patient health and medical outcome.

One of the most dramatic examples of the clinical utility
of aCGH and how this technology optimizes medical man-
agement is the diagnosis of genetic conditions that confer an
increased risk of cancer. Many cancer syndromes have asso-
ciated congenital anomalies that bring the child to clinical
attention before the onset or suspicion of neoplasia.!0!!
Although most mutations that cause cancer predisposition are
sequence mutations within critical genes that would not be
detectable by aCGH, many deletions have been reported of
various cancer predisposition genes, such as PTEN, WTI,
RBI, and APC.12:13 In addition, patients with deletions often
have larger regions deleted than just the immediate gene,
which can cause features more typical of chromosomal ab-
normalities, such as mental retardation, birth defects, and
behavioral anomalies.'#!> Because of its utility in diagnosing
individuals with nonspecific clinical findings, aCGH may
detect DNA copy gains or losses that can predispose to
neoplasm (Table 1). We report our experience with diagnosis
of cancer syndromes using aCGH and present case examples
to demonstrate how this genotype-first approach to diagnos-
tic testing refines and guides medical management and im-
proves clinical outcome.
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MATERIALS AND METHODS

Patients

From April 2004 to February 2008, we tested 18,437 indi-
viduals submitted to Signature Genomic Laboratories. The most
common clinical presentations were mental retardation, devel-
opmental delay, or multiple congenital anomalies. Previous
cytogenetic studies had been performed in some patients, with
normal results in some and abnormal results in others (Table 2).
In cases where abnormal results were identified by routine
cytogenetics, aCGH was run in tandem with karyotyping or
performed to characterize the identified abnormality further.
Several subjects had previous normal FISH studies such as
subtelomere FISH and/or locus-specific FISH.

Microarray analysis

aCGH was performed with a bacterial artificial chromosome
(BAC) microarray (the SignatureChip®™; Signature Genomic
Laboratories, Spokane, WA) that was developed for the detec-
tion of microdeletions, microduplications, aneuploidy, unbal-
anced translocations, and subtelomeric and pericentromeric
copy-number alterations.!® The current version of the Signa-
tureChip, the SignatureChip Whole Genome® (Signature-
ChipWG), contains 4670 BACs representing 1543 loci with
each locus represented by a minimum of three overlapping
clones. The subtelomeric and pericentromeric regions are rep-
resented with a higher density of overlapping BAC clones,
targeted to the unique sequences adjacent to these repetitive
regions and consisting of contigs of clones located approxi-
mately every 0.5 Mb spanning >5 Mb. Genes in important
developmental pathways are also covered by contigs of BACs
to fill in the chromosome arms and provide higher resolution
with an average gap size between contigs of ~1.6 Mb.!7 Mi-
croarray analysis was performed as described.!”

FISH analysis

All abnormalities detected by aCGH were confirmed and
visualized by metaphase or interphase FISH as published using
one or more BAC clones determined to be abnormal by
aCGH.'s

RESULTS

We identified 34 patients with DNA copy-number gains or
losses that encompassed gene regions associated with recog-
nized cancer syndromes. Patients with numeric chromosome
abnormalities are not included in this series. A summary of
these patients by disorder, age of diagnosis by microarray,
indication for testing, and location and size of chromosome
alteration detected by aCGH is shown in Table 2.

Of patients known to have karyotype results, 4 of 11 (36.4%)
had an abnormal cytogenetic study, which aCGH further char-
acterized. An additional three patients (27.3%) had routine
chromosome analysis done at the same time as aCGH that
identified a subtle abnormality consistent with the aCGH re-
sults. Four patients (36.4%) had normal karyotyping results. At
least two patients did not have karyotyping performed before or
in conjunction with aCGH. Seven of the 34 patients (20.6%)
either had the correct disease specified in the clinical indication
for study or had clinical features highly indicative of that
syndrome (e.g., all three patients with Wilms tumor, aniridia,
genitourinary anomalies, and mental retardation (WAGR) syn-
drome deletions had “aniridia” listed as the indication for
study). The remaining 24 patients (70.6%) had indications for
study that were not specific to the diagnosed syndrome, such as

Genetics IN Medicine ® Volume 11, Number 5, May 2009

“developmental delay,” “dysmorphic features,” or reference to
specific clinical features that did not strongly indicate a partic-
ular syndrome. We present four case reports in detail.

Patient 1 is a 3'2-year-old boy with global developmental
delay, macrocephaly with ventriculomegaly, two café au lait
spots, and vertebral anomalies. He had been followed by spe-
cialists from birth, when he was identified with possible Arnold-
Chiari malformation, mild hydronephrosis, and vertebral anom-
alies, including bifid ribs and T1 butterfly vertebra, all of which
were attributed to maternal gestational diabetes. Brain magnetic
resonance imaging (MRI) as a newborn demonstrated hydro-
cephalus. Because of strong suspicion of a genetic syndrome, he
was evaluated at ages 32 months, 1% years, and again at 32
years. Previous testing included chromosome analysis, subtelo-
meric FISH, and CPK, all of which were normal. aCGH at 3%
years identified a 3-Mb interstitial deletion at 9q22.32q22.33
encompassing the PTCHI gene region (Fig. 1A). FISH testing
using a BAC clone encompassing the PTCHI gene confirmed
the deletion (Fig. 1B). A repeat MRI performed concurrent with
aCGH testing confirmed ventriculomegaly and identified an
enlarged pineal gland of increased signal intensity. On receipt of
the abnormal aCGH test results, consultations were arranged
with cardiologists to evaluate for cardiac fibromas, dermatolo-
gists to evaluate for basal cell nevi, ophthalmologists to evaluate
for eye anomalies such as cataracts and retinal epithelium
pigmentary changes, a pediatric dentist to evaluate for jaw
keratosis, and neurologists to address the abnormal MRI find-
ings. A follow-up evaluation found the enlarged pineal gland to
be a pineal tumor, which is being monitored closely with no
invasive procedure planned. The family was counseled and
given literature and contacts for support services for Gorlin-
Goltz/Basal cell nevus syndrome.

Patient 2 was previously reported by Heald et al.!? The
patient is a 22-year-old woman who was referred to the genetics
clinic with features suggestive of Prader-Willi syndrome, in-
cluding short stature, intellectual disability, obesity, hypotonia,
and small hands and feet. The patient was adopted and preg-
nancy and family history are unknown. Her medical history
included hypotonia as an infant, a diagnosis of epilepsy at the
age of 2 years, and onset of obesity around 7-8 years of age
without hyperphagia. Multiple mild dysmorphic features were
noted on examination. Previous genetics workup included chro-
mosome analysis and DNA methylation studies for Prader-Willi
syndrome, both of which were normal. aCGH identified a
1.8-Mb interstitial deletion at 5g22.1q22.2 encompassing the
APC gene and surrounding region. FISH testing using a BAC
clone encompassing the APC gene confirmed the deletion. Sub-
sequent colonoscopy identified hundreds of adenomatous pol-
yps; biopsies were negative for malignancies by pathologic
examination. A colectomy with ileorectal anastomosis was un-
dertaken to prevent future colorectal cancer. An upper endos-
copy identified >50 sessile polyps in her stomach and duode-
num and a slight papillary enlargement in the duodenum. A
thyroid ultrasound identified bilateral nodules and a resulting
biopsy demonstrated papillary thyroid cancer. The cancer was
treated with thyroidectomy and subsequent iodine-131 therapy.

Patient 3 is a 5-year-old boy with developmental delays,
subnormal intelligence quotient, autism, speech delays, behav-
ior problems, clumsiness, and insomnia. He has a history of
sudden speech loss and right facial droop at the age of 13
months. At 2 years, he experienced left-sided upper and lower
extremity weakness. The findings of subsequent electroenceph-
alogram and MRI were normal. Previous testing included an
electroencephalogram and brain MRI, the findings of both of
which were normal. Karyotyping and aCGH were ordered con-
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Table 2 Summary of individuals identified in our study population with copy-number imbalances of regions associated
with cancer syndromes

Cancer Gene(s) Patient Age at aCGH Chromosome DNA dosage
syndrome of interest number diagnosis Indication for study location abnormality Inheritance
Familial APC 4.5 yr Not specified 5q22.2g22.3 10.3 Mb loss  De novo
adenomatous .
polyposis Patient 3 Syr dd 5q22.1g22.2 1.7 Mb loss De novo
14 yr dd 5q22.1g22.2 12.9 Mb loss  De novo
Patient 2 21 yr Short stature, Prader-Willi 5q22.1g22.2 5.6 Mb loss Unknown
phenotype
Juvenile BMPRIA4 8 days Bilateral hearing loss, 10g23.1q23.2 5.1 Mb loss De novo
polyposis club feet
Beckwith- IGF-2 8 mo” df 11pl15.5p15.4 1.3 Mb gain De novo
Wiedeman® ) .
1.5 mo* df 11pl5.5 2.3 Mb gain Unknown
1.5 mo df, partial duplication 11p 11p15.5p13 32 Mb gain Unknown
2yr dd 11p15.5p15.2 12.9 Mb gain  De novo
Gorlin-Goltz/ PTCHI 10 days df 9q22.32q22.33 7.4 Mb loss Unknown
Basal cell
nevus 4.5 mo dd, df, 46,XX,inv(9)(q12; 9q22.32q22.33 9.5 Mb loss Unknown
q21)
1yr dd, df, macrocephaly, 9q22.32 10.9 Mb loss ~ De novo
hydrocephalus
Patient 1 3.5yr dd, df 9q22.32q22.33 3 Mb loss Unknown
12 yr dd, df 9q22.32q22.33  13.2 Mb loss Unknown
Neurofibromatosis 1~ NF/ 4 mo Anomalies of skull and 17q11.2 2.4 Mb loss Unknown
face bones
1yr cardiac anomaly 17q11.2 0.82 Mb loss  Unknown
1yr dd, df 17q11.2 0.82 Mb loss ~ De novo
3yr dd, lack of coordination 17q11.2 0.82 Mb loss ~ De novo
3yr dd, df 17q11.2 0.82 Mb loss ~ De novo
3.5yr dd, metabolic 17q11.2 3.9 Mb loss De novo
encephalopathy
18 yr dd, df, NF1 17q11.2 6.8 Mb loss Unknown
Retinoblastoma/MR ~ RBI1 Patient 4 12 days df 13q13.3q31.2 51 Mb loss De novo
1 yr? dd, df, retinoblastoma 13q14.2 21.2 Mb loss Maternal?
20 yr Unspecified mental 13q14.2 1.8 Mb loss Unknown
retardation®
Rubenstein-Taybi CREBBP 11 days Hydrocephalus, rule out 16p13.3 800 kb loss Unknown
aneuploidy
20 days df 16p13.3 194 kb loss Unknown
1.5 mo Known 16p deletion 16p13.3 1.7 Mb loss Unknown
4yr Not specified 16p13.3 433 kb loss Unknown
12 yr dd, df, possible Rubenstein ~ 16p13.3 194 kb loss Unknown
Taybi
15 yr dd, df 16p13.3 194 kb loss Unknown

(Continued)
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Table 2 Continued

Cancer Gene(s) Patient Age at aCGH Chromosome DNA dosage
syndrome of interest number diagnosis Indication for study location abnormality Inheritance
Tuberous 78C2 10 mo/# Hyperteloric, ash-leaf spots, 16p13.3 1.9 Mb loss Unknown
sclerosis 2 VSD, cardiac
rhabdomyoma
WAGR PAX6, WT1 10 days df, anirida, horseshoe 11pl4.1p13 3.3 Mb loss De novo
kidney
4 mo Aniridia 11pl4.1p13 6.2 Mb loss Unknown
4 mo Aniridia 11pl4.1p13 11.3 Mb loss Unknown

“DNA dosage gains cause BWS if paternally derived; parent of origin studies necessary.

“Unbalanced translocation (11;17) ish der(17)t(11;17)(p15.4;p13.3)(RP11-542J6+;RP13-640F18—) with terminal duplication 17p.

“Unbalanced translocation (4:11) ish der(4)t(4;11)(p16.3;p15.4)(RP11-1150B4—),RP11-542J6+) with 4p terminal deletion of Wolf-Hirschhorn critical regions.
“FISH analysis on mother found an apparently balanced insertion of 13q14.2 region into 10q.

“Patient had a known t(1;13) that had been considered unrelated to phenotype.

/Unbalanced translocation (16;19) ish der(16)t(16;19)(p13.3;q13.43)(RP11-161M6—,RP11-126M21+).
2Additional FISH analysis using 8 fosmid clones defined 16p13.3 deletion breakpoint 35.8 Kb distal to 7SC2 gene, suggestive of position effect.

dd, developmental delay; df, dysmorphic features.

currently. aCGH detected a 1.7-Mb interstitial deletion at
5q22.1q22.2 encompassing the APC gene and surrounding re-
gion (Fig. 1C; FISH testing using a BAC clone encompassing
the APC gene confirmed the deletion (Fig. 1D). The karyotype
was normal. On the basis of the aCGH findings, subsequent
a-fetoprotein testing and liver ultrasound to rule out hepato-
blastoma secondary to APC gene deletion were normal. The
patient then underwent an esophagogastroduodenoscopy, the
results of which were negative. A colonoscopy was performed
because of parental concern, the results of which were also
negative.

Patient 4 is a 7-month-old girl born to a G1P1 mother after a
full-term unremarkable gestation. She presented with poor feed-
ing, overlapping toes, poor central muscle tone, and dysmorphic
features including brachycephaly, upslanted palpebral fissures,
deep-set and wide-spaced eyes, upturned nose, and a flat and
smooth philtrum. She had abnormal head and foot movements
suggestive of seizures. Family history was noncontributory.
Blood was drawn on day 5 of life for concurrent karyotyping
and aCGH. Preliminary aCGH results reported on day 8 of life
demonstrated an ~51-Mb interstitial deletion of 13q13.3q31.2
(Fig. 1E). FISH testing using a BAC clone encompassing the
RBI gene confirmed the deletion, reported as a preliminary
result to the ordering physician on day 9, and as a final result
demonstrating mosaic deletion in 27 of 30 cells on day 12 of life
(Fig. 1F). Chromosome analysis revealed concordant results on
day 12 of life. Subsequent to the abnormal preliminary results
on day 8 of life a brain MRI was interpreted as abnormal with
findings consistent with premature brain development. The find-
ings of an opthalmological examination were normal. A hospital
care conference was arranged on day 9, attended by parents and
specialists from ophthalmology, neurology, genetics, and devel-
opmental pediatrics. Seizure medications, early intervention,
physical therapy, and feeding therapy were initiated. Arrange-
ments were made for the patient to be followed by ophthalmol-
ogy, neurology, and developmental pediatrics. At a scheduled
follow-up ophthalmologic examination at 26 days of life, four
tumors of ~2-3 mm diameter were identified in the left eye.
Chemotherapy was initiated. At 7 months follow-up, the patient
was in good health with good weight gain, having completed a
4-month regimen of chemotherapy.
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DISCUSSION

Numerous cancer syndromes can be diagnosed in childhood
because of the presence of associated clinical features such as
aniridia or specific dermatologic features that are recognized
early, or because of the frank presentation of neoplasia in
childhood (Table 1). For most conditions, most cases are caused
by sequence mutations that are not detectable by aCGH. How-
ever, microdeletions and microduplications have been reported
in some cases.

The genotype-first approach of aCGH allows for diagnosis of
genetic syndromes at an early age that otherwise may not be
diagnosed until onset of symptoms later in life. Of the 34
patients discovered to have aCGH findings associated with a
described cancer syndrome, 27 of 34 (79.4%) were 5 years old
or younger at the time of aCGH diagnosis. Of these, two had no
indication for study provided. In review of the indications for
study for the remaining patients aged 5 years or younger, 10 of
25 (40.0%) revealed suspicion for the diagnosis either by a
previously discovered chromosome abnormality or reported
phenotype consistent with the condition, and 15 of 25 (60.0%)
provided no indication that the diagnosis was suspected before
aCGH analyses. For example, six of seven (85.7%) cases with
deletion of the NFI gene region were detected in patients
younger than 4 years without indication that neurofibromatosis
was suspected clinically. Likewise, four of five (80%) of cases
with deletion of the PTCHI gene region were younger than 4
years, with one case reported to have a previous chromosome
abnormality of inversion of 9q, and one case reported to have
hydrocephalus and macrocephaly, but otherwise no indication
was provided of suspicion for diagnosis of Gorlin-Goltz/Basal
cell nevus syndromes. Although clinicians may have had some
level of suspicion for clinical diagnoses in these patients, based
on information provided at the time of testing these patients
were unlikely to have been accurately diagnosed at the time of
examination based on clinical features alone.

With the penetrance of life-threatening eye tumors in the first
year of life approaching 100%, one would expect most patients
with deletion of the RB/ gene region on chromosome 13q to
develop at least one retinoblastoma before age 2 years.!* Two of
the three cases that we report were diagnosed by aCGH at the
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Fig. 1. Detection of copy-number losses of gene regions associated with recognized genetic conditions with an

increased risk for pediatric neoplasm by aCGH and FISH. A, Microarray analysis for Patient 1 showing a single-copy loss
at 9922.32g22.33, ~3 Mb in size. Each clone represented on the array is arranged along the x-axis according to its
location on chromosome 9 with the most distal/telomeric p-arm clones on the left and the most distal/telomeric g-arm
clones on the right. The blue line represents the ratios for each clone from the first experiment (control Cy5/patient Cy3),
and the pink line represents the ratios for each clone obtained from the second experiment in which the dyes have been
reversed (Patient Cy5/Control Cy3). B, FISH demonstrating deletion at 9922.32. Probe RP11-916J1 from 9q22.32 is
labeled in red and chromosome 9 centromere probe D9Z1 is labeled in green as a control. C, Microarray analysis for
Patient 3 showing a single-copy loss of six BAC clones at 5q22.1q22.2 ~1.7 Mb in size. Clones for chromosome 5 are
arranged on the plot as in (A). D, FISH demonstrating deletion of a probe from the APC locus (RP11-107C15), labeled
in red. The 5p subtelomere probe RP11-1006P13) is labeled in green as a control. E, Microarray analysis for Patient 4
showing a single-copy loss of 58 BAC clones at 13q13.3931.2, ~51.1 Mb in size. Clones for chromosome 13 are arranged
on the plot as in (A). F, FISH demonstrating deletion of a probe to the RB1 locus at 13q14.2, labeled in red. 13q

subtelomere probe RP11-569D9 is labeled in green as a control.

age of 1 year or younger, one case before onset of symptoms,
and the other with retinoblastoma as a clinical indication for
study. The third patient was diagnosed at 20 years; the ordering
clinician had limited clinical information because this patient
was lost to follow-up for many years, and early childhood
medical records were not available at the time of aCGH testing.
This patient had a known translocation involving chromosome
13; however, the clinical implications of this translocation
had not been considered until the aCGH result showed RBI
deletion.

The ability of aCGH to rapidly identify chromosome imbal-
ances, accurately estimate chromosome alteration sizes, and
allow for further characterization with FISH can expedite diag-
nosis, management, and parental counseling. In Patients 1 and
2, the diagnosis of a cancer predisposition aided a timely cancer
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diagnosis, and in both cases, the deletion was too small to be
identified by karyotyping. Having the diagnosis of a cancer
predisposition condition may have saved the lives of these
patients, and at a minimum allowed for cancer detection in
Patient 1 much sooner than would have been possible other-
wise. In Patient 1, although MRI was performed indepen-
dently of the aCGH testing, the early genetic diagnosis may
have helped determine that the enlarged pineal gland with
increased signal intensity was not a benign finding, and
therefore played a direct role in the early diagnosis of cancer
that may have been postponed without aCGH. In addition,
discovery of the previously unidentified genetic cause al-
lowed access to support resources, including the opportunity
for Patient 1 to connect with others with the diagnosis of
Gorlin-Goltz syndrome and for Patient 1 to gain supplemen-
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tal security income, which she had been unable to obtain
before diagnosis.

Patient 3, who has deletion of the APC gene region causing
familial adenomatous polyposis, does not have a diagnosis of
cancer, but has a lifetime cancer risk of nearly 100%. Without
early diagnosis there would have been no indication to perform
colonoscopy and appropriate familial adenomatous polyposis
surveillance.

For Patient 4, the genetic diagnosis was attained more
quickly with aCGH than with karyotype analysis. The rapid
provision of genetic information allowed for nearly immediate
evaluations by ophthalmologic and neurologic specialists that
were critical to patient care. In addition, the timely assembly of
a team of specialists by day 9 to meet with parents in a care
conference and develop a management plan optimized commu-
nication among both clinicians and family. Although karyotype
results several days later would have clearly allowed for most of
these early planning steps in this patient, the ability to provide
unambiguous counseling as early as possible aids in the coping
process for the family. Furthermore, without the aCGH results,
karyotype results would have likely been less clear and required
additional studies to provide conclusive results, adding addi-
tional time to the testing process. This case provides a useful
example of how the two technologies complement one another.

Although cancer was not the primary clinical feature affect-
ing any of these four patients before aCGH testing, the screen-
ing initiated because of an unexpected, genotype-first diagnosis
has proven to be critical to their health and longevity. In all
cases, the genetic diagnosis led to immediate referrals to a team
of specialists. In Patients 2 and 4, immediate and necessary
life-saving intervention was made possible by the timely diag-
nosis. In Patients 1 and 3, medical management was revised to
include preventative cancer screening. The benefit of genetic
diagnosis is not unique to these four patients. On the basis of the
indications for aCGH analysis, only about 40% of the young
patients referred for testing were suspected to have the cancer-
predisposing diagnosis based on clinical features or previous
karyotyping. Without aCGH testing, the remaining 60% may
have gone undiagnosed or had diagnoses delayed until a critical
and potentially fatal clinical feature, such as cancer, developed.

Although these examples highlight the benefits of the geno-
type-first diagnostic approach, discovery of a genetic condition
that confers a risk for cancer raises a number of genetic coun-
seling challenges, particularly in a pediatric setting. When a
diagnostic test for developmental delays, intellectual disabili-
ties, birth defects, or other clinical findings unexpectedly iden-
tifies a genetic condition with a predisposition for cancer, the
diagnosis can overwhelm a family. Not only must the family
cope with a more concrete explanation for the collection of
clinical features in the patient, the family is faced with the added
medical, emotional, and psychological complexities of learning
that there is also a risk for cancer. Consequently, test results can
be difficult for families to process and comprehend. Although
comprehensive pretest counseling regarding all possible out-
comes of aCGH testing is not practical from the standpoint of
time limitations and the likelihood of overwhelming parents, a
general discussion of implications that could result from abnor-
mal aCGH results is certainly feasible in most situations. This
anticipatory guidance can help prepare families for possibilities
they may come across without overwhelming them with infor-
mation. Without this information, the families may be left to
receive shocking news that their child, already found to have
differences in development, intelligence, growth, or other med-
ical issues, is also predisposed to cancer without any preparation
for that possibility.
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Another genetic counseling issue that may arise with
aCGH testing is the inadvertent discovery of a familial
cancer syndrome. Most of the conditions identifiable by
aCGH and known to have cancer predisposition occur as de
novo events. However, a few of these conditions, such as
neurofibromatosis 1 or PTEN hamartoma tumor syndrome,
may be passed through multiple generations. Identification of
the cause of the child’s condition may unexpectedly identify
a familial cancer predisposition because a parent has either a
balanced form of the child’s rearrangement or the same
abnormality as the child. Although these scenarios require
skillful genetic counseling with balanced attention to issues
specific to cancer, they are similar to the identification of a
chromosome imbalance in a child that is subsequently also
found in a parent, sibling, or other relative in either a
balanced or unbalanced form. These possible aCGH out-
comes are reminders to the clinician that taking a detailed
family history before testing, providing appropriate pretest
and posttest counseling, and following up with parental stud-
ies are critical components of the genetic testing process. As
aCGH technology continues to advance, it will be important
for the testing laboratory and ordering clinicians, genetic
counselors, and other specialists involved in the circle
of care of these patients to recognize the benefits and limi-
tations of aCGH testing and counsel patients and families
appropriately.
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