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How do childhood cancers differ from 
those in adults?
Adults acquire a mutational burden over 
the course of a lifetime; the longer you 
live, the more mutations you acquire and 
the greater the probability that you will 
develop cancer at some point. This growing 
load of mutations is why cancer in adults 
increases over time.

In contrast, infants and children have 
had no opportunity to accumulate 
mutations, so it’s not possible that acquired 
mutational burden causes disease. Clearly, 
pediatric cancers arise from a different 
process. It comes as no surprise, then, 
that we find very few acquired mutations 
in childhood cancer; instead, we see a 
large number of patients with inherited 
gene defects and unusual features 
like copy number alterations, gene 
amplifications, or chromosomal breaks 
leading to gene fusions – alterations that 
are much less common in adult cancer. 
Adult cancers usually have mutational 
drivers, many of which are identifiable, 
so the pharmaceutical industry focuses on 
therapies that target those drivers – but 
because most childhood cancer is closely 
related to genomic alterations caused by 
development gone awry, the treatments 
that work for adult cancers are often not 
appropriate for pediatric disease.

How useful is genomic 
data in suppor ting 
advances in diagnosis, 
p r o g n o s i s ,  a n d  
treatment selection?
Genomic data have 
changed everything. 
When we started 
doing genetic analysis 
of childhood cancer, 
we were assaying 
single alterations with 
tools like PCR and 
Sanger sequencing 
because we didn’t 
have the knowledge 
or the technology to do 
anything more broadly. For 
example, when poor prognosis 
childhood neuroblastoma was 
linked to the amplification of a 
gene called MYCN, it quickly 
became obvious that we needed 
to develop an assay for that 
amplification. Test developers 
scrambled to create one (and 
succeeded) – but, of course, that was 
only one of multiple disease features we 
needed to examine. And so, for years, we 
kept developing one assay after another, 
each of which was critical to allocating 
patients to high- or low-risk treatment 
protocols, but none of which provided 
enough information in isolation. For 
example, patients with MYCN amplification 
may also have co-amplification of ALK, for 
which we have targeted inhibitors – but 
with a single-gene MYCN copy number 
assay, you wouldn’t have that information.

The solution? A platform for all of the 
necessary analysis – MYCN copy number, 
c-Myc expression, and all of the unique 
features we find in childhood cancer. As 
we’ve discussed previously, childhood 
cancer is fundamentally different to cancer 
in adults – and a major factor affecting its 
accurate diagnosis is that we see different 
drivers, like copy number variation and 
chromosomal breaks. Chromosomal breaks 

and gene 
fusions are not easily detected 

by DNA sequencing; they can 
be seen much more readily at the RNA 
level. Ideally, a pediatric cancer panel 
should look at both RNA and DNA to 
detect the entire spectrum of common 
abnormalities in children. At the RNA 
level, it should detect gene fusions and 
expressed gene abnormalities; at the 
DNA level, copy number alterations and 
sequence abnormalities, including insertions 
and deletions (InDels). Next generation 
sequencing (NGS) platforms can look at 
both to spot multiple abnormalities in one 
large, comprehensive panel, so they have 
been a huge boon to diagnostic accuracy 
and treatment selection.

What can we achieve in the future by using 
this technology more broadly?
Although pediatric oncologists and 
pathologists are a collaborative group, it 
can be very difficult to compare results 
when each physician performs different 

assays in different institutions in different 
ways with different content. One of the 
most significant opportunities offered by 
a standardized panel that incorporates the 
important features seen in childhood cancer 
is that, for the first time, no matter where 
you run the assay, you’ll get the same results 
– so, in theory, you can compare your data 
to that of someone at another institution 
or across the globe. This is essential for 
cancer in children, which is far less common 
than in adults. Learning what is and is not 
common – and, even more importantly, 
what is and is not clinically relevant – is 
correspondingly more difficult. 
NGS methods generate many 
candidate abnormalities, 
or variants of unknown 
significance (VUS), but 
knowing which ones 
matter is an ongoing 
challenge that can be 
met only by increasing 
our knowledge about 
which ones relate to 
disease onset, progression, 
treatment, or outcome.

Science and medicine are moving ever 
more toward collaborative approaches 
and shared data, and standardized 
results (or “common data elements”) 
ensure that we’re all sharing the same 
information. At our institution we have 
implemented an NGS panel that has 

been an extraordinary 
success . Over 60 
percent of the patients 
we examined (more than 
200 in the past six months) 
had at least one actionable 
mutation – something nobody 
expected. Now, in addition to our 
conventional tumor board, we have a 
bi-weekly molecular tumor board in 
which we discuss an average of six to 10 
patients and make treatment decisions 
based on the childhood cancer panel 

test results.

What is ICON?
It occurred to us early on 

that if researchers at 
multiple institutions 
are all running the 
same assay and 
accruing the same 
data, it provides 

a rich opportunity 
for collaboration. 

Why wouldn’ t we 
share that information so 

that everybody learned a little 
bit more? That idea was formalized 
in the creation of the International 
Childhood Oncology Network (ICON), 
which allows us all to share data, best 
practices, and potentially linkage to 
clinical treatment protocols matched to 
specific gene defects. This began with our 
own institutional database of Children’s 
Hospital Los Angeles cases, but has now 
grown to include multiple databases of 
childhood cancer from published studies 
from around the world. Not only can 
oncologists and pathologists compare 
each new result they obtain to previous 
ones from around the world, but the new 
result also adds to the existing database, 
increasing its content and relevance. 
ICON is a mechanism to share that 
information – and it’s our hope that it will 
foster more and better clinical research 
into childhood cancer than ever before.

What distinguishes 
ICON from other  
such databases? 
The biggest difference 

is that ICON is intended 
to be a clinically relevant, 

mu l t i p l e - cont r ibu tor, 
multiple-user, real-time database 

that contains both genomic and clinical 
data on the included patients. Many 
existing databases have very little clinical 
information linked to the genomic data, 
and each is typically focused on a specific 
type of tumor or tumors and a specific 
analysis platform. These can range from 
older microarrays to whole exome 
sequencing, commercial panels, custom 
panels, or advanced research methods 
like epigenetic analysis of methylation, 
histones, chromatin modifiers, and the like. 
Although each is useful in its own right, 
none necessarily leads to direct clinical 
utility; in contrast, a comprehensive, all-
inclusive database can at least document 
incidence and linkage to specific tumor 
types. When combined with a core 
database of specific genetic defects 
linked to specific patients, incorporating 
common data elements representing the 
content of the panel, it becomes possible 
to decide – for instance – d whether or 
not a given VUS is likely clinically relevant. 
Alternative methods like statistical analysis 
of how often a given polymorphism 
occurs in a given population are useful 
guides, but fail to capture whether those 
variants are associated with disease. With 
larger numbers of cases, we acquire the 
power to decide based on statistical 
analysis linked to combined clinical and 
genomic data – a very powerful approach 
that is not possible without a database 
like ICON. 

How can others join ICON ? 
It’s easy – just contact Thermo Fisher 
Scientific and they will guide you. It only 
requires signing a simple document and 
using the standardized testing solution.
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“For the first  
time, no matter 
where you run the 
assay, you’ll get the 
same results.”
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