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New study suggests more than 8 percent of
children with cancer have genetic

predisposition

18 November 2015

The most detailed analysis yet of the role germline tumor and normal tissue may provide valuable

mutations in genes associated with cancer
predisposition play in the development of
childhood cancer suggests that comprehensive
genomic screening may be warranted on all
pediatric cancer patients, not just those with a
family history of cancer. The study from the St.
Jude Children's Research Hospital - Washington
University Pediatric Cancer Genome Project
appears in the November 19 edition of the New
England Journal of Medicine.

Ultimately, researchers anticipate that systematic
monitoring of patients and family members who
have germline mutations in cancer predisposition
genes will allow the detection of cancers at their
earliest and most curable stage, thereby improving
the outcomes for these children and family
members.

Researchers conducted next-generation DNA
sequencing of both the tumor and normal tissues
from 1,120 pediatric cancer patients and found that
8.5 percent of patients had pathogenic or likely
pathogenic mutations of genes within their normal
tissue that increase their risk of developing cancer.
Prior to this study, the presence of such germline
mutations in pediatric cancer patients was thought
to be extremely rare and restricted to children in
families with strong histories of cancer. This study
revealed that more than half of the children with
germline mutations lacked any family history of
cancer.

"This paper marks an important turning point in our
understanding of pediatric cancer risk and will
likely change how patients are evaluated,” said
corresponding author James R. Downing, M.D., St.
Jude president and chief executive officer. "For
many pediatric cancer patients, comprehensive
next-generation DNA sequencing of both their

information that will not only influence their clinical
management but also lead to genetic counseling
and testing of their parents and siblings who may
be at risk and would benefit from ongoing
surveillance."

"The frequency of 8.5 percent represents our
current estimate of the number of pediatric patients
with a hereditary cancer predisposition,” Downing
added. "This number will likely increase as we learn
more about mutations in this class of genes in
young cancer patients." To accomplish the latter,
St. Jude has initiated a new clinical research study,
Genomes for Kids (G4K), which incorporates an
unparalleled level of next-generation sequencing
into the medical workup of every eligible pediatric
cancer patient who enters the hospital for
treatment.

Any child found to have a germline mutation in a
cancer predisposition gene will be referred to the
new St. Jude Hereditary Cancer Predisposition
Clinic, which evaluates and cares for children who
are at increased genetic risk for cancer. The clinic
is staffed by a team of doctors, nurses and genetic
counselors who work with families to determine if a
child's cancer might be inherited. The staff then
collaborates with other St. Jude doctors and
researchers to find new and better ways to help
families with an elevated cancer risk. This new
clinic is one of only a few programs in the world
focused on evaluating and managing children and
families with known or suspected cancer
predisposition.

"Our study in the New England Journal of Medicine
lays the groundwork to understand the spectrum of
cancers and age-specific cancer risks associated
with germline mutations in predisposition genes
and how best to monitor at-risk patients and
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families," said co-author Kim Nichols, M.D., a
member of the St. Jude Department of Oncology
and director of the St. Jude Hereditary Cancer
Predisposition Clinic.

Co-author Richard K. Wilson, Ph.D., director of the
McDonnell Genome Institute at Washington
University School of Medicine in St. Louis, added:
"We've suspected for some time that many
pediatric cancers could be traced to an inherited
genetic predisposition. Now, using genome
sequencing, we can see the contribution of
germline mutations to pediatric cancer risk. Our
results explain why children, who have not lived
long enough to accumulate a critical number of
cancer-causing mutations can still develop cancer."

About the Study and Genetic Sequencing

The human genome is encoded in the DNA that
carries the instructions required to assemble and
sustain life. Whole-genome sequencing involves
determining the exact order of the 3 billion
nucleotides that make up human DNA. Whole-
exome sequencing involves sequencing the 1 to 2
percent of the human genome that carries the
approximately 20,000 human genes.

This study involved sequencing the whole genome,
whole exome or both of patients enrolled in the
Pediatric Cancer Genome Project to check for
germline mutations in 565 genes associated with
cancer. In-depth data analysis was done on 60 of
these genes that are associated with autosomal
dominant hereditary cancer predisposition
syndromes. Mutations in these genes are known to
increase cancer risk when one of the two copies of
the gene is altered.

In this study, 95 patients, or 8.5 percent, had
germline mutations in 21 of the 60 genes.
Investigators checked whole-exome sequencing
data of a comparison group without cancer and
found that only 1.1 percent of 966 adults enrolled in
the 1000 Genomes Project, an international
collaboration to map human genetic variation, had
alterations in the same genes.

The genes selected for detailed analysis were
chosen based on a review of available cancer and

genetic databases, the medical literature and other
information. "Finding genomic variants is relatively
easy compared to assessing their cancer-causing
potential," said co-first author Jinghui Zhang, Ph.D.,
chair of the St. Jude Department of Computational
Biology. "The system we developed to create the
database for this study provides a template for
assessing the pathogenic significance of alterations
going forward."

In this study, the frequency of germline mutations in
cancer predisposition genes varied by the type of
cancer the child had. The highest frequency, 16.7
percent, was found in children with non-central
nervous system (CNS) solid tumors, followed by
CNS tumors, 9 percent, and leukemia, 4.4 percent.

The most commonly mutated genes in the affected
patients were TP53, APC, BRCA2, NF1, PMS2 and
RB1. Many of these genes have been previously
associated with rare families with multiple children
who develop cancer. An unexpected finding was
the identification of mutations in the breast and
ovarian cancer genes BRCA1 and BRCA2 in a
number of the pediatric cancer patients. These
genes are not currently included in pediatric cancer
genetic screening. The prevalence of mutations in
these genes in this pediatric cancer cohort
suggests that the role of these genes in pediatric
cancer needs to be further studied. "Another
surprising finding to emerge from this study was the
prevalence of germline mutations in six patients
with Ewing sarcoma, a cancer of the bone and soft
tissue that was not previously thought to be part of
any cancer predisposition syndrome," Nichols said.

More information: New England Journal of
Medicine,
www.nejm.org/doi/full/10.1056/NEJM0al508054

Provided by St. Jude Children's Research Hospital
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