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Foreword
Tony Whetton
Professor of Cancer Cell Biology; Director of the 
Stoller Biomarker Discovery Centre, University of 
Manchester

The Cancer Moonshot initiative was launched 
in 2016 in order to improve the availability 
and outcomes of cancer treatment, as well as 
cancer prevention and precision diagnostics. 
The initiative aims to accelerate progress such 
that five years work gives ten years’ worth of 
research and clinical progress. The Moonshot 
adheres to the principles of P4 medicine in 
that it plans to be preventive, predictive, 
personalized and participatory.  The Moonshot 
has been allocated funding of $2.1 billion to 
2023, and is being guided by experts including 
the National Cancer Advisory Board (NCAB). An 
expert panel established by NCAB delivered a 
report in 2016 with ten key recommendations 
for achieving the Moonshot’s goals. These 
included the establishment of a network for 
patient involvement and public engagement, 
which is critical in all biomedical research 
in the future. In the following pages we 
see examples of other work serving these 
recommendations and P4 medicine. Rapid 
advances in immunotherapy research and 
improved patient stratification will, for 
example, promise more targeted and effective 
treatments with reduced side effects. Patient 
involvement enables provision of large-scale 
molecular data on specific cancers using 
advanced approaches such as genomics or 
proteomics. This will help with finding new 
drug targets and making sure the patient gets 
the optimal effective treatment at the right 
time. 

There is a great deal more work to be done 
in order to achieve the Cancer Moonshot 
goals. However, one invaluable effect of the 
program has been to bring together leading 
international scientists from industry and 
academia, and focus their efforts through 
multidisciplinary collaborations that will 
be key to accelerating the delivery of more 
effective tools for cancer diagnosis, treatment 
and prevention.
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Cancer Moonshot

Glioblastoma 
Multiforme
Liam Drew

In May 2013, Beau Biden was driving in Indiana on a family 
vacation when he became weak and disoriented. Such events 
are not uncommon first signs of a glioblastoma, but the exact 

manifestations of this type of brain tumor can take many forms; 
other people have headaches or seizures, personality changes 
or visual disturbances, all depending on where in the brain the 
cancer is growing.  And, glioblastomas can grow anywhere in 
the brain. Grimly, the emergence of symptoms means that brain 
function is compromised and that the tumor is already at an 
advanced stage.

The most malignant type of primary brain cancer, a glioblastoma 
multiforme (GBM) tumor contains a mixture of rapidly 
proliferating cancer cells (that bear the characteristics of glia, the 
brain’s non-nervous cells) mixed with a host of other resident 
brain cell-types. The other hallmarks of these tumors are regions 
of extensive cell death and dense networks of blood vessels.  

Once Biden was diagnosed, surgeons attempted to remove as 
much of his tumor as possible. Then, he received combined 
radio- and chemotherapy. Today’s standard of care – established 
in a large clinical trial published in 2005 – is surgery, followed 
by a six-week course of radiation with co-administered 
temozolomide, a month off, then six months of the drug alone.1 

Because tendrils of cancerous cells extend beyond a GBM’s 
central mass to infiltrate healthy brain tissue, it’s essentially 
impossible to remove a glioblastoma completely.  And while 

radiation and Temozolomide – an alkylating agent that damages 
DNA – both kill dividing cells, tumor recurrence remains the 
fate of nearly every patient.    

For Biden, this came in 2015, and on May 30th of that year he 
died.  In surviving for two years past his initial diagnosis, he 
lived eight to ten months longer than the average patient does.  
The trial that established today’s standard of care showed that 
temozolomide added two-and-a-half months to the survival time 
without the drug, increasing survival rates at two years post-
diagnosis from 10.4% to 26.5%.  The current five-year survival 
rate for GBM is 3-10%.

A small minority (< 5%) of GBM cases are associated with 
genetic causes, and exposure to high doses of radiation may 
account for some further instances, but for most sporadic cases 
there is no known cause.  Remarkably, it also remains uncertain 
exactly which brain cells give rise to GBMs, although they’re 
widely thought to arise from glial precursor cells. The condition’s 
overall incidence in the US is 3-4 cases per 100,000 people per 
year, with risk increasing with age. This rate is high enough 
to make the condition familiar – it is the cancer that Senator 
John McCain now has – but not high enough to make it a major 
medical priority in terms of funding.  Many of the potential 
treatment strategies now being pursued are adapted from work 
on more common cancers. Nevertheless, accumulating genomic 
and therapeutic investigations have led recent commentators to 
conclude that now is “an exciting time in neuro-oncology”2 and 
that the future “is cautiously bright”.3 
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“The current five-year survival rate for GBM  
is 3–10%.” 

“The condition’s overall incidence in the US is 
3-4 cases per 100,000 people per year...”
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Genomic profiling of many individual glioblastomas has led to 
a better understanding of the various mutations that cause this 
disease; greater insight into tumor heterogeneity and how this 
affects clinical course; and indications of why certain people 
respond better to current therapies than others. The best 
example of this is the discovery that GBMs differ in terms of 
whether they contain methylated or unmethylated copies of the 
gene MGMT – about half of GBMs fall in each category. MGMT 
encodes a DNA repair protein.  If the gene is unmethylated, and 
therefore producing the DNA repair enzyme, the tumor appears 
able to undo the damage wrought by temozolomide, and this 
chemotherapy provides much less benefit.4  Whether screening 
and using this information to guide treatment decisions should 
be standard practice is currently being debated.

While GBMs are histologically distinctive and show no apparent 
structural differences, genomic cataloguing has also identified 
three main GBM subtypes.5  The subtypes vary according to 
the driver mutations they contain and to their overall patterns 
of gene expression.  It remains hoped that this type of data will 
generate better, more targeted therapies, but this has not yet 
played out, and there have been disappointments in this realm 
already. Additionally, these genetic insights should allow the 
design of better mouse models with which basic research can 
explore new treatments. 

When it comes to novel therapies, many centers continue to try 
to improve radiation protocols and chemotherapy options, but it 
is generally felt that if GBMs are to be truly defeated, different 
approaches are needed.  Drugs targeted at mutated proteins 
expressed by certain tumor types have not yet had significant 
success, but continue to be explored. Echoing oncology generally, 
GBM researchers are increasingly looking to immunotherapies.  

Immunotherapy is an umbrella term covering multiple 
approaches, all of them aimed at leading patients’ immune 
systems to destroy their cancers. They include techniques that 
simply boost a patient’s immune function; methods that hone 
a patient’s immune cells to recognize and target the tumor, 
including infecting tumors with a virus and vaccinating patients 
against their own cancers; and a class of drugs called immune 
checkpoint inhibitors that attempt to stop tumor cells from 
quelling attacks on them by the immune system.

Many immunotherapies are currently being explored in GBM, 
often being tested on patients whose cancers have recurred.  
In a heart-breaking passage of his memoir Promise Me, Dad, 
ex-Vice President of the United States, Joe Biden describes how 
months before his death, Beau underwent a desperate second 
surgery, while his doctors at the University of Texas’s MD 
Anderson Cancer Center tried in vain to halt his decline by using 
two experimental therapies.  First, he was given a checkpoint 

inhibitor antibody drug to facilitate attacks on his tumors by his 
immune system. Then, a live, engineered virus was injected into 
the remains of his tumor with the goal of causing a full-blown 
immune attack on the cancer cells.  

For Beau Biden and his late stage GBM, these therapies failed, 
but they continue to be explored and refined.  One can but hope 
that his legacy will lie in having inspired the Cancer Moonshot 
Initiative. 

Launched by Joe Biden and then President of the United States, 
Barack Obama, the initiative aims to accelerate cancer research, 
make more therapies available to more patients, and also improve 
our ability to prevent cancer and detect it at an early stage.6
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Advances in 
Biomarker 
Discovery 
for Cancer 
Immunotherapy
Masha Savelieff, PhD 

Immunotherapeutics have risen to prominence in cancer 
treatment in the past two decades, culminating in recent FDA 
approvals for several drugs.1 Unlike earlier therapies that were 

designed to attack the tumor, immunotherapy constitutes a 
paradigm shift in treatment, recruiting the patient’s own immune 
system to target and eliminate cancer.2 Although the field has 
a storied past, it experienced a renaissance with the advent of 
modern immunology.3 Research revealed the natural roles of the 
immune system in cancer prevention by a process called immune 
surveillance in which cancer cells are recognized and eradicated 
by the immune system.4 However, when this surveillance system 
is inhibited, cancer cells are able to evade notice and proliferate. 
Immunotherapy activates the immune system to improve the 
recognition and elimination of tumor cells.

Types of cancer immunotherapy

There are several types of immunotherapeutics, including 
chimeric antigen receptor T cells (CAR-T), cancer vaccines, and 
checkpoint blockade, which has garnered particular attention2 
Immune checkpoints are surface receptor molecules on immune 
cells. Under ordinary circumstances, they inhibit the immune 
response to prevent hyperactivity and autoimmunity.5 Examples 

include cytotoxic T-lymphocyte-associated protein 4 (CTLA-
4) and programmed cell death protein 1 (PD-1). Programmed 
death-ligand 1 (PD-L1) is another receptor molecule under 
investigation that binds to PD-1 as a ligand. 

Checkpoint blockade

Although tumors or immune cells in some cancer patients 
express inhibitory immune checkpoints, their role in cancer 
was uncertain when they were first discovered.6,7 “When I 
started the earlier work, PD-L1 was called B7-H1, and I felt it 
was different to stimulatory CD80 and CD86,” says Professor 
Weiping Zou at the University of Michigan. “We wanted to 
understand the balance between immune suppression as well as 
immune activation within the tumor microenvironment. And, to 
determine if the PD-L1 pathway played an immune suppressive 
role in cancer.” In a seminal paper, he and his team demonstrated 
that blocking inhibitory PD-L1 led to an improved immune 
response that could be unleashed to eradicate tumors in mice.8 
Experiments by other teams blocking CTLA-4 also established 
the potential benefit of the approach.9

Checkpoint blockade moved into clinical trials and resulted 
in remarkable tumor shrinkage and remission for several 
cancers.10-12 However, despite its resounding success for some 
patients, it was ineffective in others. Researchers are now seeking 
biomarkers, which are biological characteristics of a particular 
condition, to predict patient response to immunotherapy and 
identify those likely to benefit from treatment.13 To address this 
need, the National Institute of Health created the Partnership for 
Accelerating Cancer Therapies, a consortium of companies and 
academic institutes to advance the discovery and validation of 
biomarkers for patients likely to respond to immunotherapy.14

Innovations in Oncology

“Checkpoint blockade moved into clinical 
trials and resulted in remarkable tumor 
shrinkage and remission for several cancers.”
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Understanding the mechanisms of checkpoint 
blockade

Although expression of checkpoint receptors and ligands (e.g., 
PD-L1) in tumors is generally believed to cause immune 
suppression, patients whose tumors do not express PD-L1 
can also respond to treatment.15 The use of non-standardized 
experimental methods between research laboratories to 
assess PD-L1 status, i.e., present or absent in tumors, may 
explain this discrepancy. This could potentially be resolved by 
standardization to test whether tumor expression of checkpoint 
molecules may constitute a predictive biomarker.15,16 

However, discrepancies between patients’ tumor PD-L1 status 
and their response to checkpoint blockade may also arise from 
contributions of PD-L1 expression on immune cells rather than 
on tumors. Recently, Professor Zou and his team revealed that 
the mechanism of checkpoint blockade relied on immune cells 
called antigen presenting cells (APCs).17 They observed that PD-
L1 levels on APCs correlated with patient response to blockade 
therapy in pilot metastatic melanoma and ovarian cancer studies. 
Might these correlations exist in other patients? “Yes, we think 
the mechanism could be applied to different types of cancer,” 
replied Professor Zou, “An understanding of the mechanisms and 
fundamental processes need to be addressed. From a greater and 
more comprehensive understanding of the processes involved, we 
can learn how to improve the response and combine treatments 
with PD-L1/PD-1 blockade.”7

A multi-pronged approach to cancer 
immunotherapy

PD-L1 is just one facet of blockade immunotherapy. Researchers 
are utilizing numerous procedures to discover predictive and 
prognostic biomarkers for checkpoint blockade and other 
immunotherapies, including: (i) neoantigen discovery of immune 
reactive antigens expressed by cancer cells and not by healthy 
cells, (ii) genetic or epigenetic signatures of expression and 
regulation of genes central to tumor-immune interaction, (iii) 
immune signature and a specific distribution of certain types 
of immune cells, and (iv) protein microarrays to determine 
antibodies and antigens present in cancer patients.18 

Rather than pinpointing one specific biomarker, there is also 
an increasing appreciation in the research community for a 
systems-wide bioinformatics approach to biomarker discovery, 

cataloguing a collection of biomarkers to predict response to 
immunotherapy.18 Professor Maria Castro, an expert in brain 
cancer immunotherapy  at the University of Michigan, is 
working to address this possibility.19,20  “We are studying the 
tumor microenvironment at the transcriptomic level to uncover 
novel therapeutic targets for brain cancer, such as mediators of 
T cell expansion, T cell trafficking, and antigen presentation,” 
she explained. “The aggressiveness of a tumor can depend on its 
genetic mutations, which in turn affects prognosis and response 
to therapy. We are discovering that tumors with different genetic 
mutations influence gene transcription profiles and expression of 
many proteins including a family of molecules called cytokines. 
Cytokines serve as signals that immune cells recognize, 
and when a tumor releases certain cytokines, immune cells 
infiltrate the tumor and this impacts prognosis and response to 
immunotherapy. Epigenetic reprograming of the tumor immune 
microenvironment can also lead to markedly different immune 
responses, independent of tumor mutational burden. Therefore, 
detailed studies of the transcriptome of the tumor cells as well as 
the infiltrating immune cells will uncover the signaling networks 
critical for mediating the response of particular cancers to 
immunotherapies.” 

By comparing tumors that respond to immunotherapy with 
tumors that do not, Professor Castro and her team are revealing 
the pattern of gene expression profiles, cytokine production, 
and other proteins expressed by both tumors and infiltrating 
immune cells, that constitute a “signature” of tumors with a 
favorable response to immunotherapy.20 “By uncovering the 
underlying mechanism of immune-tumor interaction, we hope 
to discover not only biomarkers to predict response, but novel 
targets to improve that response and to give cancer patients 
hope,” she added. Research endeavors are revealing that 
transcriptomic gene expression profiles and immune “signatures” 
to immunotherapy response are recurrent features in other types 
of cancer as well.21-23 It is anticipated that this bioinformatics 
system-wide approach may lead to the discovery of more 
robust, predictive and prognostic biomarkers of response to 
immunotherapy and hopefully uncover novel targets.
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Cancer Moonshot

John  
Baldoni, PhD
Senior Vice President and Head, ln Silico 
Discovery Unit, GSK Pharmaceuticals; 
Founder and Governing Board Co-Chair, 
Accelerating Therapeutics for Opportunities 
in Medicine (ATOM)

Laura Elizabeth Mason

John Baldoni currently heads up a drug discovery unit 
at GlaxoSmithKline. Since joining GSK in 1989, John 
has held numerous positions within the company and 

has led many significant cross-functional strategic initiatives. 
He has an impressive 37 years’ experience working within the 
biopharmaceutical industry.

The recently established Accelerating Therapeutics for 
Opportunities in Medicine (ATOM) consortium, was founded 
by John, with a mission “to accelerate the development of 
more effective therapies for patients”. ATOM stemmed from 
the Cancer Moonshot – an initiative that aims to improve the 
availability of cancer therapies, enhance detection of cancer early 
on, and improve our ability to prevent cancer.

Q: In June 2016, GSK, the Department of Energy, 
and the National Cancer Institute announced their 
intent to create the ATOM consortium as one of 
the Cancer Moonshot initiatives. What is ATOM’s 
mission, how does it complement the Cancer 
Moonshot, and what are your key goals?

A: The goal of the consortium is to create a new paradigm of 
drug discovery that would reduce the time from an identified 
drug target to clinical candidate from the current approximately 
6 years to just 12 months. Cancer is the exemplar disease chosen 
to explore this approach. ATOM aims to attain this goal by 
transforming cancer drug discovery from a time-consuming, 
sequential, linear and high-risk process into an approach that is 
rapid, integrated, and with better patient outcomes. ATOM is 
an open and sharable platform that integrates high-performance 
computing, shared biological data from public and industry 
sources, and emerging biotechnologies to dramatically accelerate 
the discovery of effective cancer therapies. The goals of ATOM 
are tightly aligned with those of the 21st Century Cures Act, 
which aims in part to enable a greater number of therapies to 
reach more patients more quickly. 

Q: Could you tell us more about those involved in 
the consortium? 

A: The founding members of ATOM are the Dept. of Energy’s 
Lawrence Livermore National Laboratory, the National Cancer 
Institute’s Frederick National Laboratory for Cancer Research, 
GlaxoSmithKline, and University of California San Francisco.  
While these are the founding members, to be successful ATOM 
requires representation from other like organizations (national/
international labs, cancer research institutions, pharma, and 
academics), as well as organizations with deep computing 
capability (hardware and experts) and cutting-edge laboratory 
and software technologies.  Each founding member organization 
has committed people and financial resources to the consortium. 

Lawrence Livermore National Laboratory brings deep and broad 
expertise in high performance computing and how to use those 
computers in addressing multi-dimensional complex challenges. 
ATOM aligns with the national labs’ mission of leveraging 
high-performance computing in applications important to 
the government, in this instance by speeding the discovery of 
therapeutics and contribution to biosecurity. 

Innovations in Oncology
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Frederick National Laboratory for Cancer Research (FNLCR) 
will contribute from its wealth of scientific expertise in precision 
oncology, computational chemistry and cancer biology, as well 
as support for open sharing of datasets, predictive modeling, and 
simulation.  

UC San Francisco (UCSF) is a leading university dedicated 
to promoting health worldwide through advanced biomedical 
research, graduate-level education in the life sciences and health 
professions. It brings to the consortium nationally renowned 
programs in basic, biomedical, translational and population 
sciences; and a preeminent biomedical research enterprise. The 
ATOM hub is located adjacent to the UCSF Mission Bay campus 
and therefore affords access to its basic science laboratories 
and staff with deep expertise in all disciplines related to drug 
discovery and development.

GlaxoSmithKline, one of the world’s leading research-based 
pharmaceutical and healthcare companies, is committed 
to improving the quality of human life by enabling people 
to do more, feel better and live longer. GSK has provided 
approximately two million compounds and their associated 
chemical and biological data to the consortium. These data 
represent a major move to provide insight on how molecules 
interact with biology and provide the largest initial private source 
of data available for such investigations. These data (and other 
like data available in the public domain) are foundational to the 
ensemble of algorithms required for ATOM to attain its goals. 
ATOM seeks other industry partners to further expand this 

important dataset. 

Q: What key areas are you currently working on? 
What progress have you made since ATOM was 
established in October 2017?

A: Since October, ATOM has focused on understanding the 
content of the private and public data sources available, curating 
and annotating the GSK data, ingesting public sources and 
bringing together the people and expertise in Mission Bay, 
San Francisco, CA, USA. ATOM has identified the ensemble 
of capabilities it requires to fulfil its mission and is currently 
focusing on those capabilities and algorithms that would predict 
absorption, distribution, metabolism, excretion and toxicology 
(ADMET) — off target effects, potential modulators of cancer 
biology. ATOM is also bringing onboard additional staff to work 
toward our timelines.

ATOM is an open consortium. Many other private and public 
organizations have expressed interest in learning more about 
ATOM to determine whether they would like to join. ATOM 
is working with those organizations to established mutual 
agreements on what each organization could contribute to and 
get from ATOM.

John Baldoni was speaking to Laura Elizabeth Mason, Science Writer for 
Technology Networks.

CANCER: A HUGE BURDEN

 NCI predicts global cancer cases
will increase by 50% from 2012 to 
2030 – that's a rise from 14 million 
cases to 21 million 1
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1,685,210 new cancer cases were diagnosed in the USA in 2016 1

595,690 people died from cancer in the USA in 2016 1

Cancer kills 1,600 people every day in the USA alone 2 
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  NCI predicts that by 2030 
cancer deaths will increase by 
60% worldwide - that's a rise from 
8 million to 13 million 1 

I N C R E A S E

1. NCI. Cancer Statistics. Available at https://www.cancer.gov/about-cancer/understanding/statistics (Accessed September 22 2017)

2. Clarivate Analytics. Understanding the Cancer Research Landscape. Available at http://www.oncologytalks.com/sites/default/files/Crv_NIH_UnderstandingCancerResearchLandscape_A4_Short_Report.pdf (Accessed 
September 22 2017)
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CANCER RESEARCH AND DEVELOPMENT THEMES
Discoveries in the field of cancer genomics and immunology have established two new pillars of cancer care: Precision therapy  
and immunotherapy

Public-private collaborations on immuno-oncology 
are increasing but output remains low. When they 
do occur the impact of the research is high 1

The NIH funds the most immuno-oncology research 
but industry funded papers achieve the highest 
citation impact 1

USA SPAIN
Collaborations on immunotherapy 
research are increasing. Partnerships 
between Spanish and U.S. researchers 
yield the highest impact 1

The USA produces more immunotherapy research than any other country 1

Immunotherapy sales were  
around $7 billion in 2016 2

$7 BILLION
GROWTH THAT HAS BEEN FUELED BY CANCER GENOMICS…

Worldwide cancer immunotherapy 
research output doubled between 2010 
and 2016 1

Projects like the TCGA have massively increased our understanding of cancer genetics

11,000
33
10

This project alone collected 
11,000 samples for genomic 
characterization – researchers 
analyzed 33 cancer types and 
subtypes, including 10 rare  
cancer types 3

GENOMICS DATA IS INCREASINGLY USED IN THE CLINIC
The BRCA gene mutation is now famous after Angelina 
Jolie tested positive for it, leading to her having a 
preventative double breast mastectomy 4BRCA

Technological advances have facilitated the adoption of genetic testing including 
automated workflows, decreased instrument footprints, reduced turnaround time and 

simplified test result interpretation 

Clinical genomics has now moved 
closer to the patient, away from 
centralized diagnostics labs

Developments in point of care testing and crude sample analysis will see this trend continue 6 

10-30%

I N C R E A S E D  R I S K

Harmful mutations in BRCA1 and BRCA2  increase a 
woman’s risk of breast cancer by 5 and ovarian cancer  
by between 10 and 30 times 5

1. Clarivate Analytics. Understanding the Cancer Research Landscape. Available at http://www.oncology-
talks.com/sites/default/files/Crv_NIH_UnderstandingCancerResearchLandscape_A4_Short_Report.pdf 
(Accessed September 22 2017)

2. DeciBio. Cancer Immunotherapy – Review of a Breakout Year and What to Expect for 2017. Available at 
https://www.decibio.com/2016/12/08/cancer-immunotherapy-review-of-a-breakout-year-and-what-
to-expect-for-2017/ (Accessed September 22 2017)

3. TCGA. Quick Facts. Available at https://cancergenome.nih.gov/newsevents/forthemedia/quickfacts 
(Accessed September 22 2017)

4. Cancer Research UK. Angelina Jolie, inherited breast cancer and the BRCA1 gene. Available at 
http://scienceblog.cancerresearchuk.org/2013/05/14/angelina-jolie-inherited-breast-can-
cer-and-the-brca1-gene/ (Accessed September 22 2017)

5. NCI. BRCA1 and BRCA2: Cancer Risk and Genetic Testing. Available at https://www.cancer.gov/
about-cancer/causes-prevention/genetics/brca-fact-sheet (Accessed September 22 2017)

6. L.EK. Genomics 2020: Research and Clinical Trends to Watch. Available at  https://www.lek.com/sites/
default/files/1843_Genomics_2020_Executive_Insights.pdf (Accessed September 22 2017)
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Cancer Moonshot

Advancing 
Immunotherapy 
Has Benefits 
Reaching Far 
Beyond the 
Moonshot 
Initiative
Neil Bryant, PhD

Launched in 2016 by US Vice President Joe Biden, the 
Cancer Moonshot program is designed to accelerate efforts 
to prevent, diagnose and treat cancer with a total budget 

of  over $1 billion.1 A steering group was formed and compiled a 
report to guide funding decisions based on the priorities of  the 
government, industry, researchers, clinicians and patients which 
identified eight areas of  cancer research. Immunotherapy, which 
redirects the host immune system to recognize and eradicate 
cancer cells was included in the recommendations.2 The field 
of  immunotherapy is advancing rapidly, which has stimulated 
growing excitement in human and veterinary medicine.3,4  

Ground-breaking work included the development of  checkpoint 
blockade therapy,5 targeting cytotoxic T-lymphocyte-associated 
antigen 4 (CTLA-4)6 and programmed death receptor-1 (PD-1)7 
with monoclonal antibodies in tumors. Many patients treated 
with these new therapies had tumor remissions which has raised 

the prospect that some of  these cancers may be manageable as 
chronic conditions. 

The adoptive transfer of  ex-vivo engineered T-cells or chimeric 
antigen receptor T-cells which are targeted to specific tumor 
antigens has also resulted in impressive tumor responses 
including cures of  previously refractory tumors.8 Initial 
techniques involved collecting tumor-infiltrating lymphocytes 
from tumor tissue and expanding them in the laboratory. 
However, these cells were often in short supply and short-lived 
when administered to the patient.8 Now, circulating T-cells are 
isolated from the patients’ blood and genetically modified by 
transfection to express T-cell receptors against tumor antigens or 
artificial T-cell receptors known as chimeric antigen receptors 
(CAR).9 

The development of  monoclonal antibodies that directly 
target tumor cells for destruction, through several different 
mechanisms including induction of  apoptosis, inhibition of  
tumor cell signaling, and activation of  complement-dependent 
cytotoxicity, have all been successfully used in the clinic.10 The 
first to be approved by the Food and Drug Administration 
(FDA) was rituximab, an anti-CD20 antibody used for treatment 
against B-cell lymphoma.11 A canine anti-CD20 antibody has 
recently been developed for use in veterinary and comparative 
studies.12 More recently, antibodies have also been conjugated to 
chemotherapeutic drugs, where they deliver the drug directly to 
cancer cells.13

Despite the very promising results with some of  these new 
therapies, challenges remain, including determining the groups 
of  patients who will respond to treatment and identifying 
who will experience significant side effects due to toxicity.3,14 
Preclinical models can be used to determine some of  these 
parameters. There has been recent interest in using spontaneous 
cancers in dogs as models for human disease in order to overcome 

Innovations in Oncology
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some limitations of  the mouse model for immunotherapy 
research.15 

Oncolytic viruses may be of  use in cases of  resistance to other 
therapies. Oncolytic viruses selectively replicate in, and kill, 
tumor cells while causing minimal damage to normal healthy 
tissue. Recent oncolytic virus therapies include those based 
on a genetically modified herpes simplex virus Type 1, which 
was approved by the FDA with the trade name talimogene 
laherparepvec (T-VEC) for the treatment of  unresectable 
melanoma.16  In the veterinary field researchers and clinicians 
are learning from the research conducted in human medicine. 
“Therapeutics developed in human immunotherapy can lead 
to the development of  similar treatments in the veterinary 
field” said Dr Sara Verganti, a veterinary medical oncologist. 
“The challenges we face to treat small animal cancers is similar 
to human medicine. There is an increased understanding of  
the complexity of  cancer biology and, as a result, the need of  
targeting cancer cells from different angles and with different 
strategies. Immunotherapy gives us a new set of  tools to invest in 
for the benefit of  animal welfare”.

Immunotherapy has the potential to be a game changer for all 
those involved in the detection and treatment of  cancer, but 
most of  all patients. “Although the war on cancer is long and 
challenging, the development of  immunotherapy is a promising 
tool in redressing the balance, allowing the immune system to 
take its role again in spearheading the fight against cancer.”  said 
Dr Fawaz Al-Alloosh, a clinical oncologist and Head of  the 
Cancer Centers Board in the Iraqi Ministry of  Health. He is 
involved in formulating a national strategic plan with the World 
Health Organization (WHO) to help control cancer in Iraq for 
the next five years, and in which immunotherapy makes up a 
large part. “It offers a real hope of  victory at the end of  this long 
war”. 

It is hoped the funded initiatives will enable substantial progress 
towards achieving the goals of  the Cancer Moonshot in the next 
few years.2 In addition, veterinary oncologists will benefit from 
all the work taking place in the field of  human immunotherapy 
through increased access to new treatments and knowledge.  In an 
effort to accelerate progress, all published data resulting from the 
Cancer Moonshot funding will be published open access, so it is 
available to all.2
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Innovations in Oncology

Proteomics 
and Cancer: A 
Powerful New 
Revolution
Alison Halliday, PhD

Recent advances in technology are now enabling 
researchers to study cancer proteomes in unprecedented 
detail. As well as deepening our understanding of the 

cancer phenotype, proteomics holds a key advantage as it’s 
looking at a level that’s directly actionable, with the proteins 
themselves potential clinical biomarkers or druggable targets.

 “You can sequence as many genomes as you like but, in the 
end, you still don’t really know which proteins are actually 
responsible for the onset and generation of disease,” says Dr 
Clive D’Santos, Head of Proteomics at the Cancer Research UK 
Cambridge Institute.

But a new revolution is taking place.  Next generation 
technologies are now enabling researchers to carry out large-
scale proteomic analyses, opening up similar opportunities to 
what’s possible in genomics.

 “The sensitivity of the instruments nowadays is enabling us 
to look at almost what’s calculated to be a full proteome,” says 
D’Santos. “And it’s also giving us the opportunity to quantify 
these measurements, and importantly, it’s taking just days or even 
hours to do an analysis.”

Indeed, the potential rewards from proteomics could be greater 
than from genomics.

“The active agents that are carrying out the roles that give us the 
phenotype and that are druggable are the products of the genes, 
which are the proteins,” explains Dr Jyoti Choudhary, Head of 
Proteomics and Metabolomics Laboratory at The Institute of 
Cancer Research, London, UK.

Proteomics technologies

Researchers have a choice of two main approaches for studying 
proteomes, which are either based on mass spectrometry or 
antibody-based proteomics1. 

Many proteomics laboratories will opt for mass spectrometry, 
with a choice of techniques for analysis and quantification. The 
most common option is using a ‘bottom-up’ approach, which is 
based on fragmenting the proteins into peptides and sequencing 
them2.

“We then infer the presence of a particular protein in a sample 
depending on how unique those peptide sequences are,” explains 
D’Santos.

The most frequently used method is known as Data-Dependent 
Acquisition (DDA)3. This prioritizes the profiling of the most 
abundant proteins and peptides, with the total number that 
can be analyzed in a sample being dependent on the speed and 
sensitivity of the mass spectrometer.

In recent years, a new family of methods known as Data-
Independent Acquisition (DIA)4, are also gaining momentum. 
These aim to generate an extremely complete, unbiased picture 
of the samples’ proteomes.

“Rather than profiling down, what these instead are trying to do 
is to capture everything within that sample, and then you have 
some sophisticated software at the end to try to deconvolute 
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everything and identify the peptides,” explains D’Santos.

Faster, more sensitive instruments

“We can now get resolving power in some instruments that allow 
us to identify peaks that are very close together –meaning we can 
separate out peptides that have a difference of only millidaltons,” 
says D’Santos.

It is generally thought that is around half of the 23,000 genes in 
the genome are expressed in a cell at any one time, with some 
laboratories now able to identify 10 or 11,000 proteins in one run.

“It’s exciting that we’re now in a position where we can say we 
can identify and quantify full proteomes,” says D’Santos. “But 
on the other hand, we’re still missing an awful lot of information 
about the multiple isoforms of each individual gene product.” 

To overcome this, there is a great deal of excitement about the 
potential of using a ‘top down’ approach to mass spectrometry5. 
Rather than analyzing fragmented peptides, this approach 
instead looks at intact proteins.

“I think the reason that’s important is post-translational 
modifications,” enthuses D’Santos. “But the hardest part will 
be developing ways to do [top-down proteomics]on a high-
throughput scale.”

Despite all the recent advances in technology, single cell analysis 
remains out of reach for proteomics researchers. But there is 
hope for the future from mass cytometry, a hybrid technique that 
couples mass spectrometry with flow cytometry6.

“If you’re looking long-term, I’m excited about where that’s going 
especially where you need to carry out proteomics on small 
numbers of cells,” says D’Santos.

Cancer proteomics

Researchers studying cancer proteomics face unique challenges, 
not least with analyzing their data. The standard approach is by 
searching databases based on the reference genome sequence7. 

“One of the big problems with cancer is that it’s caused by 
mutations, so it doesn’t look like the reference genome,” explains 
Choudhary.

The response to this has spawned the approach of 
proteogenomics8 where researchers generate customized 
protein sequence databases using transcriptomic or genomics 
information, interrogating these instead.

Advances in mass spectrometry are also enabling researchers to 
carry out much larger scale analyses to characterize the collateral 

damage of mutations in cancer cells on the proteome. 

 “In one recent study, we looked at 50 colorectal cancer cell lines9, 
mapping all the changes in the proteins against their genomes to 
build up networks of genetic mutations that were impacting on 
protein function,” says Choudhary.

 “We’re now starting to create them for different cancer types,” 
she adds. “On one hand, this approach will help us to understand 
more about cancer biology, identifying some of the genes we can 
think of as critical – the ‘car crash’ sites – and on the other, we’re 
aiming to tie up this information into drug response, resistance, 
and so on.”

Others are using proteomics to interrogate the mechanisms that 
drive key processes in cancer biology, such as metastasis.

“A team at our institute recently discovered that asparagine 
influences the metastatic potential of cells10 in a mouse model of 
breast cancer,” says D’Santos. “So, we used proteomics to look for 
proteins that were changing their expression levels in cells from 
these mice that are either deficient or overexpressing certain 
enzymes that metabolize this amino acid.”

Other new proteomics techniques have more direct potential 
for clinical application. For example, imaging using mass 
spectrometry11 could lead to innovative new tools for cancer 
diagnostics or surgery. And the powerful new PROTACs12 
technique that allows direct modulation of protein levels in a cell 
has big potential for the development of new therapeutics.

Another exciting new approach is using nanosensors to seek 
out tumors13 and then shed peptides that can be detected in the 
urine, which could potentially transform our ability to detect 
cancer early.

A golden age for proteomics research

Since the word proteomics was first coined around 25 years ago, 
there has been a lot of progress.

“I think it’s been an amazing time, we’ve had such an amazing 
development of new generation technology,” enthuses 
Choudhary. “But a ‘Big Bang’ has always eluded the field, not 
because anything we’re doing wrong, but just because of the 
comparisons with genomics.” 

But researchers believe that now is the time for proteomics to 
realize its full potential. 

“It’s very similar to the genomics revolution, but it will be a more 
powerful one because it’s the layer that’s closest to being able to 
do something about your discoveries,” says Choudhary.
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$1 BILLION The Cancer Moonshot initiative has pledged 1 billion federal 
dollars to cancer research 1
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Cancer 
Stem Cells 
Redefine How 
We Think 
About Cancer
Julianna LeMieux

Cancer stem cells (CSC) can be difficult to define, even 
for biologists. In order to understand CSCs, cancer itself  
must be thought of  as highly organized – comprised of  

cancer cells that have a cellular hierarchy. The cancer stem cell 
theory is rooted in the scientific discovery that cancer tumors, like 
normal tissue, contain cells that can both self-renew and give rise 
to differentiated cells. That is, a subset of  cancer cells that can 
give rise to other cancers. These cells are referred to as CSCs.

The idea of  CSCs has been around since 1855, when German 
pathologist Rudolf  Virchow first hypothesized that cancers arise 
from a type of  embryonic-like cell. However, the modern field 
began with the discoveries published in a 1994 Nature paper, 
entitled “A cell initiating human acute myeloid leukaemia 
after transplantation into SCID mice.” In this seminal paper, 
Lapidot et al. first isolated CSCs in acute myeloid leukemia 
(AML) patient specimens. In addition, they found that when the 
cells were transplanted from people with AML into mice with 

compromised immune systems, human AML was present in the 
mice. This discovery not only started a field of  cancer biology 
centered around these particular cells, it shifted the paradigm of  
how cancer is understood. 

So, what exactly is a cancer stem cell and how is it 
different from other cancer cells?

A consensus panel convened by the American Association of  
Cancer Research has defined a CSC as “a cell within a tumor 
that possesses the capacity to self-renew and to cause the 
heterogeneous lineages of  cancer cells that comprise the tumor.” 

Dr Luis Parada, the Director of  the Brain Tumor Center and 
American Cancer Society Research Professor at Memorial 
Sloan Kettering Cancer Center, adds depth to that definition. 
His lab works on CSCs in a glioblastoma model and published 
a landmark study in 2012 showing that deleting the CSC 
population led to regression of  a tumor.

For Dr Parada, a cell is a cancer stem cell if: (i) it sits at the 
apex of  a hierarchy of  tumor growth (ii) it is responsible for 
recurrence after therapy and (iii) it is responsible for metastasis. 

What does that mean in an experimental situation? Dr Ravi 
Majeti, an Associate Professor in the Department of  Medicine 
(Hematology) and Member of  the Institute for Stem Cell 
Biology and Regenerative Medicine at Stanford University lends 
some clarity to the question. 

Dr Majeti says, “Let’s fractionate a cancer into two populations. 
If  one fraction of  cells generates a tumor when put into a mouse, 
it contained a CSC. If  the fraction of  cells did not contain a 
CSC, it would not generate a tumor in a mouse.” But, he goes 
on to emphasize that the tumor made from the CSC would be 
comprised of  a heterogenous population of  cells - not dissimilar 
to how a normal stem cell would create a new tissue. 

Innovations in Oncology
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Dr Majeti’s lab works to identify differences in human AML 
stem cells and their normal counterparts at the molecular and 
genetic level. He stresses that the CSC hypothesis hinges on the 
understanding that cancers are organized as a cellular hierarchy 
with only a subset of  cells being able to give rise to other cancer 
cells. Therefore, the definition of  CSC is operational more than 
anything else.

The definition of a cancer stem cell gets 
complicated 

From the time that the cancer stem cell hypothesis developed 
20 years ago, not only has the understanding of  CSCs become 
increasingly complicated, so too have the dynamics of  the field as 
a whole. 

Not all cancer stem cell researchers have the same definition of  
a CSC. In fact, some groups work on cells that others, like Dr 
Parada, would not classify as a CSC. This is one area where the 
CSC field gets murky. 

There are vast differences in the experimentation being done 
in the field with a growing body of  work done in cell lines. It’s 
not that the work is not good – it’s that the assays are imperfect. 
Dr Parada states that cells in culture are inherently “screwed 
up” – and they lack the heterogeneity that exists in tumors 
because they have adapted to grow in a dish with a particular 
environment with specific oxygen and serum concentrations, etc. 
These experiments are not representative of  how cells grow in 
organisms. 

Despite these differences in the field, very conclusive work 
has proven that CSCs play a role in cancers such as liver, skin, 
basal cell carcinoma, bladder, colon, glioblastoma (brain) and 
leukemias. The mainstay of  this work is through xenografting 
CSCs into immunocompromised mice. 

How do cancer stem cell impact the effectiveness 
of current therapies?

CSCs have multiple mechanisms that protect them from standard 
cancer therapies. For example, CSCs are relatively quiescent, 
making them more recalcitrant to therapies that are effective on 
rapidly dividing cells. CSCs can also express more multiple drug 
resistance transporters, deal with more reactive oxygen species, 
have enhanced DNA repair capacity, and can be more resistant to 
radiation.  

Many anti-cancer therapies are evaluated based on their ability 
to shrink tumors. However, unless the CSCs are killed along with 
the other cells, the tumor will grow back, making the role of  
CSCs particularly important when considering therapies. 

Cancer stem cells and cancer treatments

There have been no major clinical successes to come out of  
the CSC field as of  yet. Despite the gains the field has made 
in the overall understanding of  cancer, there are challenges 
in therapeutic development. Perhaps most challenging is how 
similar CSCs are to normal tissue stem cells. The pathways 
that have emerged as important in CSC self-renewal are also 
key pathways in normal stem cell self-renewal. If  targeted, it 
would be incredibly toxic to the normal stem cells. Not only 
that, but, the possibilities for treatment that were the hope of  
CSC researchers about a decade ago have been eclipsed by the 
incredibly exciting strides made by the cancer immunotherapy 
field. 

However, the advances made by the CSC field are incredibly 
valuable, despite not having a drug to their name. The work done 
in this field has changed how we think about cancer and given 
us a more accurate view of  the complexities of  cancer and how 
it should be combated. As described by Dr Majeti, “people used 
to think about a cancer as a uniform ball.” However, the field of  
CSCs has shifted that view by showing that there is heterogeneity 
in cancers, at the single cell level. The gene expression, cell 
surface markers, epigenetics, mutations, and metabolic states of  
the cancer cells are vastly different from one another, leading to 
a much more sophisticated understanding of  cancer. Regarding 
the heterogeneity within the field itself  and the lack of  a CSC 
treatment, Dr Parada adds, “The field is alive and well, even if  it 
is frequently misrepresented.”

“People used to think about a cancer as a 
uniform ball.” - Dr Ravi Majeti
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The Role of 
Diagnostics in 
the Moonshot
Julie Khani, President, American Clinical 
Laboratory Association (ACLA)

Anna-Marie MacDonald

In addition to driving improvements in the prevention and 
treatment of  cancer, a big focus of  the Cancer Moonshot is to 
develop new and better diagnostic methods. Here Julie Khani 

tells us more about the role that diagnostic labs are playing in 
the Moonshot, some of  the challenges that need to be overcome 
before patients can really benefit, and what new technologies may 
be on the horizon. 

Q: What role are diagnostic labs playing in the 
Cancer Moonshot?

A: From the ACLA perspective, we’re thrilled that a component 
of  the Moonshot includes expanding the power and role of  
diagnostics, particularly laboratory diagnostics.  Public attention 
often focuses on new “cures” or treatments, so the critical role 
of  laboratory diagnostics can be overlooked.  Genomic and 
molecular testing by clinical laboratories have been on the 
leading edge of  oncology innovation by identifying cancer more 
precisely and accurately so that treatment and prevention plans, 
too, can be identified more precisely and accurately.  Laboratory 
tests are helping physicians more confidently determine whether 
chemotherapy, surgery, or even immunotherapy will actually 

benefit the patient.  If  diagnostics can reduce the occurrence of  
failed or ineffective treatments, then we will be able to reduce 
health care costs and deliver better health outcomes for patients.  

Q: Which technologies do you see becoming 
central to cancer diagnosis?

A: Next generation sequencing (NGS) is an obvious example 
of  a technology that has increased the value and accessibility of  
genomic and molecular testing.  Understanding the molecular 
basis for a particular type of  cancer is critical for the advancement 
of  the field of  oncology.  Indeed, the focus of  how clinicians 
categorize – and therefore more effectively treat – cancers has 
shifted from the type of  tissue or organ of  the tumor to looking 
more at what genetic mutations may drive the oncogenic process.  
Through the use of  bioinformatics, pairing NGS to multi-
analyte algorithmic assay approaches has dramatically expanded 
our understanding of  cancer biochemical pathways, disease 
progression, and approaches to treatment.  Further, the increasing 
specificity and sensitivity of  analyte detection has made liquid 
biopsy technology possible so that we can now envision fewer 
invasive diagnostic procedures. We’ve also observed laboratories 
partnering with or developing artificial intelligence platforms to 
further accelerate medical knowledge and patient data.  These 
are just examples of  technologies we’re aware of  - it’s exciting to 
think about what may be on a researcher’s lab bench, today, that 
will deliver the next breakthrough tomorrow.  As the relatively 
nascent fields of  proteomics, metabolomics and epigenetics more 
fully develop, we are sure to see more exciting advances in the 
detection, classification and treatment of  cancers.  

Q: Can you tell us how Laboratory Developed Tests 
(LDTs) are currently used in cancer diagnosis, what 
FDA regulation could mean for cancer patients, 
and how the ACLA is working with administration 
to achieve meaningful reform?

A: ACLA has long opposed the application of  the current FDA 
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medical device oversight framework to laboratories.  Not only are 
LDTs medical services, as opposed to devices, but the approach 
in no way recognizes the existing and extensive oversight of  
laboratories through the Clinical Laboratory Improvement 
Amendments (CLIA), accrediting authorities, and state Boards of  
Medicine.  

Under the current CLIA framework, we’ve observed incredibly 
positive growth and proliferation of  laboratory testing in a 
regulatory environment with the flexibility to allow for continued 
innovation that can keep pace with the science developed to 
support these clinical tests.  Today, commercial labs and academic 
medical center laboratories are able to rapidly incorporate new 
medical knowledge into LDT testing protocols and design to 
shorten the time it takes innovation to reach patients.  

ACLA believes we have an opportunity to rethink and modernize 
oversight of  laboratory diagnostics.  As the Cancer Moonshot 
shows, the importance of  laboratory diagnostics is increasing 
rapidly, so we need to ensure that federal oversight continues 
to both encourage innovation and deliver accurate and reliable 
tests for patients.  We believe this is achievable if  we design an 
oversight framework explicitly for laboratory diagnostics.  

ACLA has been working with Congress and both the current 
and prior Administration on enacting diagnostic-specific reforms.  
Reps. Larry Bucshon (R-IN) and Diana DeGette (D-CO) have 
been actively working with stakeholders on one such approach 
with their discussion draft, the Diagnostic Accuracy and Integrity 
Act (DAIA).  We look forward to the development of  a Senate 
version of  diagnostic reform, and are hopeful we will see 
Congressional action in this area in 2018.  

Q: What other challenges need to be overcome in 
moving cancer diagnostics from bench to bedside?

A: Appropriate and adequate coverage and reimbursement are 
critical to ensure adequate patient access to cancer diagnostics.  
To receive reimbursement, a laboratory must have an appropriate 
code for billing, achieve coverage for the test, and receive 
adequate payment for the service.  In the case of  molecular 
diagnostics, we’ve observed many troubling policies and proposals 
that threaten to overly restrict access to lab tests or do not 
adequately value the diagnostics in the clinical care continuum.  
For example, adequate payment rates for laboratory services is 
threatened currently by the Centers for Medicare & Medicaid’s 
flawed implementation of  the Protecting Access to Medicare 
Act (PAMA).  This law was enacted to establish a market-based 
system for payment under the Clinical Laboratory Fee Schedule.  
However, CMS’s implementation fails to account for entire, 
substantial segments of  the laboratory testing market, which in 
many cases has resulted in inadequate rates that do not reflect 
the market, and threaten patient access.  Due to the complexity 

of  molecular tests, the relatively archaic way that Medicare sets 
prices for new tests as they come onto the market also results in 
many inadequate payment rates.  Just as an example, a genomic 
and molecular test is not solely composed of  the simple genetic 
sequencing result; but rather the result of  intensive research to 
determine clinical validity and utility, coupled with collaboration 
between the laboratory and treating health care provider.  We 
must determine how to recoup the substantial costs required for 
a laboratory to develop and clinically validate a laboratory test – 
not just the cost of  the wet lab procedure.  

Further, coverage policies for cancer diagnostics many times 
fail to account for the unique nature of  diagnostics; instead, 
payors use clinical trial requirements and endpoints that are 
more relevant to interventional approaches (e.g. drug therapy, 
medical device implementation).  Payors must recognize the 
unique nature of  diagnostics, and work to assess clinical data with 
endpoints that recognize the critical information that informs 
clinical decision-making in cancer.  We need to ensure that 
coding, coverage and payment reflect all components that create a 
laboratory diagnostic test.   

Q: One of the Moonshot aims is to double the rate 
of progress in cancer diagnosis. What factors will 
need to be met to achieve this goal?

A: All of  the subjects we’ve touched on so far – technology, 
oversight, reimbursement – are necessary to achieve higher 
rates of  cancer diagnosis, particularly early diagnosis.  One 
factor we have yet to speak on, though, is active engagement 
of  health care providers and patients.  We need to ensure we 
are adequately educating not only the specialists, but also the 
primary care providers so that they are aware of  advancements 
and when to properly employ laboratory diagnostics.  In addition, 
as the complexity and importance of  genomic and molecular 
testing expands, patients need to be educated so that they more 
thoroughly understand the conclusions and recommendations 
resulting from their diagnostic testing.  Misinformed providers 
or patients can result in missed opportunities for appropriate 
interventions.  For the Moonshot to be successful, all participants 
in the health care continuum need to be proactive and engaged.

Julie Khani was speaking to Anna MacDonald, Science Writer for 
Technology Networks. 

Julie Khani has been president of  the ACLA since 2017, following on from 
her role as executive vice president for the association. The ACLA is the 
largest organization representing the public policy interests of  laboratories, 
in her role Julie leads efforts to advance public policies that promote 
innovation and protect and enhance patient access to life-improving and 
life-saving diagnostics. 
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Harnessing 
Big Data in the 
Fight Against 
Pediatric 
Cancer
Laura Elizabeth Mason and Ruairi MacKenzie

We recently spoke to Dr Samuel L. Volchenboum, 
Director of  the Center for Research Informatics at 
the University of  Chicago, a board-certified pediatric 

hematologist and oncologist, and the cofounder of  Litmus 
Health, to learn more about his current research within the 
areas of  pediatric cancer and inflammatory bowel disease.  He 
discusses current challenges of  harnessing data and informatics, 
the importance of  robust data collection and standardization, 
and strategies for optimizing data to enhance the efficiency and 
impact of  research.

Q: Your current research is mainly focused on 
harnessing data and informatics for pediatric 
cancer research, could you tell me more about this 
research?

A: My main academic interest is in harnessing large sets of  data 
for research. For the pediatric cancer community, this means 
bringing together international groups of  researchers to create 

common data models for sharing information. Ultimately, the 
goal is to have data collected all over the world using standardized 
data dictionaries and then making those data available in a de-
identified format to the worldwide research community for study. 
Of  course, there are myriad issues with doing this – everything 
from lack of  data standards, to worries about security and privacy, 
to issues with data embargo and proprietary claims. But these 
issues are surmountable, and I continue to be highly optimistic 
about our success.

In addition to my research as the Director of  the Center for 
Informatics, I am also working with the University of  Chicago 
and Dr David T. Rubin as the Chief  Medical Officer of  Litmus 
Health to study inflammatory bowel disease (IBD). The project 
is to collect real-world data about activity, sleep, heart rate, 
and diet to better understand how these factors affect patients 
with Crohn’s disease or ulcerative colitis. Harnessing these data 
effectively could mean the foundation of  personalized medicine 
for chronic diseases, IBD. 

Q: In a recent publication, you reviewed the use 
of data commons in modern healthcare. To what 
extent has health data been taken out of non-
sharing ‘silos’ and made freely available? How 
much further does data sharing have to go?

A: When the 21st Century Cures Act was passed in 2016, it 
created a mandate to bring medical innovations to market more 
efficiently. As a result, the National Institutes of  Health (NIH) is 
focusing more on data sharing. 

There are many impediments to effective data sharing, but the 
two main issues are a lack of  interoperability and misaligned 
incentives. 

Most data are still collected without regard to any standards. This 
means that clinicians and researchers often choose their own 
ways to collect and store data. So, when it becomes the time to 
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share or combine data, the points do not align and the data have 
to be transformed into a common standard. This process often 
leads to data loss or compromise. Organizations like the Clinical 
Data Interchange Standards Consortium (CDISC) are working 
with clinicians, pharmaceutical companies, and governmental 
agencies to create mandated standards for data reporting. Of  
course, this will help ensure that data are transformed into a 
common standard, but we have a long way to go before the data 
are actually collected in a standardized fashion without the need 
for one or more transformations.

Of  course, there must be an incentive for a clinician or researcher 
to share their data. There must be the right kind of  governance 
in place to assure data contributors that the data will be kept 
safe and shared only under appropriate conditions and with the 
proper attribution. This is one of  the most thorny areas and must 
be addressed through data sharing agreements. 

Q: Your publication “Data Commons to Support 
Pediatric Cancer Research” references the 
discrepancy in data driven-progresses for 
adult cancers compared to pediatric cancers. It 
highlights that rareness of pediatric cancer cases 
could be why children with cancer are failing to 
benefit from the technological revolution, driving 
the precision-medicine age. What can be done to 
help combat this discrepancy?

A: Pediatric cancer is rare – only about 15,000 new cases in 
the US each year, compared to over 1.6 million adult cancers. 
Discoveries are made when studying large numbers of  subjects, 
the characteristics of  their disease, and their treatment outcomes. 
When trying to associate genomic findings with clinical 
outcomes, it is even more critical to have large numbers of  
patients and associated rich clinical data. Because of  the paucity 
of  cases for pediatric cancer, innovations have been driven by 
consortium trials. But even then, a Children’s Oncology Group 
study over many years might only enroll dozens or hundreds 
of  patients, depending on the disease. This has led to incredible 
improvements in survival for most kinds of  pediatric cancer. But 
there remain many cancers that are incurable or curable only 
with incredibly toxic regimens. 

To understand and develop better cures, two important 
innovations need to occur. First, groups around the world need to 
come together to build standardized data models, so that data can 
be collected and shared worldwide. Second, much richer clinical 
data need to be collected alongside the genomic information. 
Right now, genomic sequencing studies are severely limited 
by the lack of  clinical data and could be significantly enriched 
though linkage to the associated information from the medical 
record. 

To help solve these vexing problems we are working to bring 
together groups from around the world to build common data 
models for pediatric cancer. By creating a commons of  pediatric 
cancer clinical trials data, we hope to provide the world with a 

rich source of  phenotype data to enrich the incredible amount 
of  genomic data being collected.

Q: Could you tell me more about Litmus Health? 
What impact can the Litmus platform have on 
clinical research?

A: As they currently stand, most trials still use outdated data 
tracking methods to monitor successes. When researchers use 
digitized forms and questionnaires to touch base with their 
patients once a month, they sacrifice a lot of  the data that the 
client is generating. Until recently, we have lacked a reliable 
way to gather continuous, objective data about our patients in a 
rigorous and compliant way that adheres to industry standards for 
clinical trial data collection. 

Litmus is a clinical data science platform focused on health-
related quality of  life. We use real-life data collected at the point 
of  experience from wearables, smart devices, and home sensors 
to guide management and to inform endpoints, and describe the 
full value of  their work in observational studies, therapeutical 
trials, and post-market research.

Big picture – we make trials more efficient with these new 
devices. Wearables and other sensors are incredibly rich sources 
of  data, but manufacturers have not yet figured out how to make 
these data ready for analysis in a clinical setting. 

One of  our core value props is that we take these real-life data 
and make them research-ready.

This smarter methodology allows for better tracking of  patient 
data and can streamline the drug-to-market route and help 
clinicians make better go/no-go decisions and realize the full 
value of  their drug. 

In an industry of  life or death, where we see one success for a 
dozen failures, it is imperative to make those successes count from 
research phase to market adoption. 

“…we are working to bring together groups 
from around the world to build common 
data models for pediatric cancer… we hope 
to provide the world with a rich source of 
phenotype data to enrich the incredible 
amount of genomic data being collected.”
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Q: Biomedical data comes in many forms, and 
different institutions will store and handle their 
data differently. How can researchers overcome 
these inconsistencies when data is grouped to 
enable maximum value to be taken from these big 
datasets?

A: As described above, we lack both the tools and incentives for 
data standardization and harmonization. Each stakeholder has 
developed their own, sometimes proprietary ways of  collecting 
and storing data. Data managers running clinical trials at 
academic medical centers routinely have to copy and paste or re-
enter data into vendor-specific platforms for their clinical trials. 
The trial protocols are usually in static formats like Microsoft 
Word or PDF, requiring each study site to manually abstract 
terms for the study and create order sets and data collection forms 
de novo. Data for studies must be transformed into a common 
format for reporting to federal agencies like the US Food and 
Drug Administration (FDA). Outside of  clinical trials, there are 
even less incentives for data harmonization and sharing. While 
many large hospitals have robust data warehouses, few adhere to 
accepted standards for data collection and storage, and fewer still 
use available reference data from public sources to inform their 
data collection modalities. In short, collecting data so it can be 
shared and studied is not the priority for most medical centers 

that are struggling with payments and services and an over-
abundance of  regulations.

The solutions to these problems will require a realignment of  
the incentives for robust data collection and sharing. This will 
come from federal agencies, disease-specific consortia, industry, 
private foundations, and maybe even the electronic health record 
vendors. We are starting to see some of  these emerging trends 
now in the form of  new grants designed to encourage data 
standardization and private granting agencies requiring best-
practices for collecting and managing data. We are very hopeful 
that the industry is finally waking up to the need for better data 
collection, and that we are now beginning to leverage these larger 
and more rich sets of  data.

Samuel L. Volchenboum was speaking to Ruairi MacKenzie and Laura 
Elizabeth Mason, Science Writers for Technology Networks.


