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EXECUTIVE SUMMARY 

This innovation summit brought together a multidisciplinary group of scientists, clinicians, data 
experts, and advocates to confront a growing global health challenge: the sharp and persistent 
rise in cancers among adults aged 18 to 50. The summit focused on identifying innovative 
strategies and translational opportunities for making rapid, meaningful progress in addressing the 
rising incidence and burden of these early-onset cancers (EOCs). 

Dr. Kimryn Rathmell opened with a compelling call to action, highlighting data showing increased 
incidence in at least 14 cancer types among younger adults. She underscored the profound 
societal implications of this trend in terms of mortality, lost productive years, disrupted family 
structures, and long-term survivorship challenges. She emphasized the need to reimagine cancer 
care models to reflect the unique medical and psychosocial needs of younger patients.  

Presentations and the ensuing group discussions focused on several critical areas, including the 
state of the science on the potential etiology and drivers of EOCs, including microbiome- and diet-
related factors, environmental exposures, circadian disruptions, birth exposures, among others. 
Presenters also described methods and approaches for studying environmental and social 
determinants of health and carefully dissecting the biological impact of these different factors and 
their contribution to EOCs. 

To address many of the core questions and challenges raised during the day-long meeting, 
participants proposed the launch of large, longitudinal “supermodel” studies that integrate 
genetic, environmental, exposure, and social data over the life course. The initial studies would 
focus on breast and colorectal cancers, the two cancers with the highest incidence in the EOC 
age group. Such studies need to be supported by harmonized, population-based multiomics 
databases designed with diversity and global representation in mind. 

The need for long-term infrastructure investment and sustained funding mechanisms also 
emerged as a common theme, with recommendations including the establishment of 10-year 
awards to nurture multidisciplinary teams, support biobanking and longitudinal sample 
collection, and develop improved disease models, such as organoids and comparative animal 
systems.  
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Enhanced provider education, risk-based diagnostic escalation pathways, equitable access to 
care, and increased awareness and patient engagement—leveraging technology like wearables 
and social media—was also a point of emphasis. Finally, attendees reaffirmed that patient and 
family voices must remain integral to all research and implementation efforts, ensuring that the 
urgency and meaning behind this work stay grounded in real-world experience. 

 

Welcome and Introduction 
Kimryn Rathmell, MD, PhD, CEO, The Ohio State University Comprehensive Cancer Center  
 
Dr. Rathmell opened the summit by underscoring the sharp rise in early-onset cancers, with the 
incidence of at least 14 cancer types increasing among adults ages 18 to 50. She emphasized the 
profound impact of this trend on families, the workforce, and years of productive life lost.   

Dr. Rathmell outlined three areas where progress in addressing the growth in early-onset cancers 
is essential: prevention, treatment, and survivorship. Prevention requires more precise risk-
assessment tools to avoid overdiagnosis and unnecessary treatment. Advances in therapy must 
aim for durable disease control while minimizing long-term toxicities, including secondary 
cancers. She also noted that traditional cancer care models, largely built around older 
populations, must adapt to meet the distinct medical, psychosocial, and life-stage needs of 
younger adults. Several academic centers are already developing early-onset cancer care 
programs.  

She closed by expressing her hope that this summit will become a true inflection point for the 
field, one that accelerates collaboration, research, and solutions. 

 

SESSION 1: SUMMARIES FROM RECENT MEETINGS ON EARLY-ONSET CANCERS  

EACR-Mark Foundation Joint Conference: The Rise of Early-Onset Cancers—Biology, Causes, 
and Detection 
Yin Cao, ScD, MPH, Washington University School of Medicine 

Dr. Cao gave a summary of findings and themes from the EACR-Mark Foundation Joint Conference 
on the Rise of Early-Onset Cancers held in November 2025. The two main messages that emerged 
from the conference were that the global scientific community recognizes the significance of the 
problem and is rapidly taking steps to address it, and that continued support is needed from 
funders, donors, the public, and the broader research community.  

Research presented at the conference highlighted notable molecular differences between early- 
and late-onset colorectal cancer, particularly a colibactin-associated mutational signature and 
the overexpression of placenta-related proteins in early-onset tumors. However, the microbiome 
signature appears similar between early- and late-onset colorectal cancers.  
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Multiple potential risk factors for early-onset cancer were discussed, including metabolic 
dysregulation, diet, circadian misalignment, and early-life exposure to environmental toxins.  

Several interdisciplinary consortia have formed around early-onset cancer, including a Cancer 
Grand Challenges team that is using exposomics discovery to identify causal risk factors that can 
inform actionable prevention. Another is the NIH-funded TaRGET II Consortium, which is exploring 
epigenomic differences between human and mouse tissues/cells to provide insights for human 
studies.  

Scientists at the conference pointed to novel research frameworks for early-onset cancers, 
including gene-environment interactions, linking longitudinal exposures with tumor features, 
mutational epidemiology (discovering cancer causes by combining epidemiology with somatic 
genomics), and accelerated aging.  

Overall, the overarching goal that emerged from the EACR-Mark Foundation Joint Conference is to 
revolutionize the prevention of early-onset cancer through a deeper understanding of risk factors 
across the life course. 

 

AACR Special Conference in Cancer Research: The Rise in Early-Onset Cancers— Knowledge 
Gaps and Research Opportunities 
Andrea Cercek, MD, Memorial Sloan Kettering Cancer Center 

Dr. Andrea Cercek described themes from an AACR conference on early-onset cancer held in 
December 2025, noting that it was the organization’s first on this topic. It included nearly 200 
attendees from 17 countries, spanning various areas of expertise including epidemiology, basic 
science, public health, and medicine. 

A theme that arose throughout the meeting was that early-onset cancers are heterogeneous. 
There are notable differences in molecular drivers as well as geographic and temporal trends 
among these cancers. 

The meeting focused on multiple areas, including tailoring patient care for young adults, 
identifying risk factors, and the need to better understand the etiology and biology as well as 
developing approaches for early detection and screening. The discussion of potential risk factors 
included immune dysregulation/chronic inflammation, microbiome alterations, metabolic 
dysregulation, microplastic and chemical exposure across the lifespan (starting in utero), and 
accelerated aging. 

Notably, researchers and clinicians from outside of oncology were included to consider what 
other health conditions young adults are facing that may play a role in tumorigenesis. A 
cardiologist highlighted increasing rates of heart transplant and heart failure in younger patients. A 
UK researcher provided evidence that sugar rationing in early life decreased later risk of diabetes 
and cardiovascular disease.  
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While the most robust data is centered on early-onset colorectal cancer, other cancer types are 
also rising in this age group. Dr. Cercek also noted that the standard definition of “early onset”—
diagnosis of those between ages 18 and 50—was originally based on the screening age for 
colorectal cancer and may need to be reconsidered for other cancer types. 

 
Global Early Onset Colorectal Cancer Think Tank  
Andrew Chan, MD, MPH, Massachusetts General Hospital, Harvard Medical School 
 
Held in June 2025, this group, sponsored by Fight Colorectal Cancer, was convened with the goal 
of developing and executing a global strategy to address early-onset colorectal cancer. 
Participants consisted of 78 members from 21 countries, with 45 additional members added more 
recently, and included patients, caregivers, and advocates so that resulting research studies 
address their input and concerns.  

The group’s main goal is to identify and address the unique and common issues involved in 
studying early-onset colorectal cancer across the globe. Dr. Chan noted that, although the global 
strategy will be centered on colorectal cancer, it could serve as model for other early-onset 
cancers. 

 The second goal is to understand the drivers of early-onset colorectal cancer in every part of the 
world. Some potential drivers that were discussed include diet changes, circadian rhythm 
disruption, microbiome composition, and environmental exposures.  

A main facet of the initiative is that it is an ongoing, living effort. Members are assembled into four 
working groups: scientific research themes, epidemiology tools, biobanking, and risk 
stratification. The working groups meet regularly and will continue to do so for 2 years. New 
members—both scientists and patients—are encouraged to join. 

 
Discussion  

During the discussion, attendees asked about additional potential risk factors, namely novel 
infectious diseases and computer/phone screen-related sleep perturbations.  

Specific infectious diseases have not been explored, which may be partly because viral exposures 
across an individual’s life course are not well documented in medical records. However, it is 
plausible that infectious diseases could contribute to the development of early-onset cancer via 
chronic inflammation and microbiome alterations. Likewise, while circadian rhythm disruption is 
being explored as a risk factor, it is very difficult to capture, and better tools are needed to assess 
this biological system. 

Attendees also asked about the use of newer technological approaches such as AI models for 
data exploration and liquid biopsy for early detection or screening. A challenge for early-onset 
cancers is that there appears to be multiple, synergistic causal factors that have small effect sizes 
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individually. AI may be well suited to define these factors and their effect sizes. The Cancer Grand 
Challenges team is planning to use AI to generate hypotheses about risk factors. 

Experts agreed that liquid biopsies will very likely have a role in early detection and/or screening 
for early-onset cancers. However, the utility of liquid biopsies is currently limited due to relatively 
high cost and a lack of validated biomarkers for these cancers. And while multi-cancer detection 
tests already exist, the best way to use these tests in the clinic is still being determined. 

The group briefly discussed the relative merits of various preclinical models of early-onset 
cancers, concluding that multiple models—including mice, organoids, patient-derived 
xenografts—are necessary to address the complexity of these diseases. 

The discussion ended with a consideration of early-onset cancers among teenagers. At one 
hospital, five teenagers were diagnosed with metastatic colorectal cancer in the last year alone. A 
consortium of pediatricians and adult oncologists would be welcomed. 

 

SESSION 2: STRATEGIES FOR INTERCEPTION AND EARLY DETECTION IN YOUNGER 
POPULATIONS   

Remarks from Katie Couric  

Stand Up To Cancer Cofounder Katie Couric delivered an impassioned plea to cancer researchers, 
offering to serve as a bridge between scientific discovery and public understanding.  

Speaking on behalf of her other Stand Up To Cancer cofounders, she praised the assembled 
scientists for their dedication, particularly amid growing science skepticism. Opening by joking 
about her colon being more famous than she is, Couric quickly expressed her admiration for the 
expertise in the room by quoting John F. Kennedy's remarks during his presidency about hosting 
Nobel laureates: “I think this is the most extraordinary collection of talent, of human knowledge, 
that has ever been gathered together . . . with the possible exception of when Thomas Jefferson 
dined alone.” 

Couric's remarks were deeply personal, rooted in her family’s losses. Her husband Jay died of 
colorectal cancer at age 42 in 1998, her sister Emily died of pancreatic cancer shortly after, and 
Couric herself was diagnosed with breast cancer almost 4 years ago. These personal experiences, 
she said, have fueled her urgency to bring early detection and cancer awareness to the public.  

She shared the research community’s alarm over the increases in colorectal cancer diagnoses 
among young people and emphasized what she believes is a mounting need for public education 
and science communication. She urged researchers to translate their complex scientific work into 
accessible language that ordinary people can understand, suggesting that presenters at scientific 
meetings like this summit conclude their presentations by explaining their findings and 
commentary in plain English.  
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Like a tree falling in a forest with no one to hear it, Couric said, scientific breakthroughs have less 
impact if the public doesn’t know about them. She volunteered enthusiastically as a "foot soldier" 
and "messenger" to help spread awareness about cancer symptoms, screening improvements, 
and lifestyle changes that could save lives.  

Finally, she spoke against what she called America's "medical caste system," noting that health 
outcomes shouldn't depend on ZIP codes and that equitable access to health care is essential. 
Couric concluded by saying she looks forward to attending future SU2C scientific summits and 
reiterated her commitment to amplifying research efforts to ensure that important discoveries 
reach and benefit the broader public. 
 

Emerging strategies for early detection of colorectal cancer in young adults 
Folasade P. May, MD, PhD, David Geffen School of Medicine at UCLA   

Dr. May began by addressing the alarming rise in early-onset colorectal cancer (CRC) and 
strategies to combat it. CRC is now the leading cancer death cause in Americans under 50, 
occurring 4 years earlier than predicted, underscoring the urgent need for optimized screening 
and etiological research.  

Dr. May reviewed the work and progress of the SU2C Colorectal Cancer Health Equity Dream 
Team, a multisite collaboration working through community health centers that is focusing on 
increasing screening rates and colonoscopy follow-up after abnormal results. One result of the 
team’s work to date was the successful screening of 1,654 at-risk patients across three cities in 
just 6 months.  

A striking birth cohort effect was demonstrated through celebrity examples: Ronald Reagan's 
cohort (born 1911) showed high but decreasing CRC rates, with flattened rates for Baby Boomers 
like Kirstie Alley (1951). However, GenX, exemplified by the death of Chadwick Boseman (1976), 
has experienced sharply increasing rates, a troubling trend that has continued to accelerate for 
Millennials and GenZ.  

To address early-onset CRC, Dr. May outlined a multi-pronged approach that includes lifestyle 
modifications such as avoiding tobacco, alcohol, and processed foods, while promoting physical 
activity, weight management, and fiber intake. Timely screening also remains crucial, but despite 
current guidelines recommending screening to begin at age 45, utilization remains low in younger 
populations.  

A 2025 study investigated which population health strategy is most effective in promoting CRC 
screening among average-risk patients aged 45-49. Mailed FIT tests with text reminders achieved 
the highest screening rates, while requiring patients to opt into screening (active choice in whether 
to receive a mailed test kit) led to lower uptake.  
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Another emphasis was on timely diagnosis, noting young symptomatic patients experience mean 
delays in diagnosis of more than 6 months. To help expedite diagnosis, proposed strategies 
include implementing UK-style guidelines using FIT or liquid biopsy to fast-track symptomatic 
patients under age 50 to colonoscopy. Other large projects investigating birth cohort CRC are 
looking at exposomes, organoid models, and actionable strategies to uncover novel drivers.  

 
Early onset breast cancer: Rethinking susceptibility 
Mary Beth Terry, PhD, Columbia University Irving Medical Center and Silent Spring Institute   
 
Dr. Terry presented compelling evidence linking environmental exposures to rising early-onset 
breast cancer (EOBC) rates. Among adults aged 18-50, breast cancer ranks as the leading early-
onset cancer, with two-thirds of all early-onset cancers diagnosed in women. The increases in 
breast, colorectal, and thyroid cancers cannot be attributed solely to screening improvements, Dr. 
Terry stressed. Mathematical modeling shows shorter time periods (sojourn times) between first 
mutation and clonal expansion across birth cohorts, indicating genuine increases rather than 
detection bias.  

Using descriptive statistics to look at the top 10 early-onset cancers in the United States, factors 
such as declining fertility, body size changes, and breastfeeding trends fail to explain rising EOBC 
rates. Instead, Dr. Terry identified other key risk factors that may explain the increases: increases 
in selected agents that impact hormone levels, alcohol consumption (particularly for luminal A 
cancers), endocrine-disrupting chemicals, environmental toxins (metals, plastics), and increasing 
height. She proposed that chemicals may accelerate aging, alter immune environments, cause 
earlier breast development, or widen exposure windows for carcinogens.  

More than 20 years of evidence supports that environmental exposures during critical 
susceptibility windows can increase cancer risk. Connecticut cancer registry data shows steadily 
increasing breast cancer rates in women under 40 since the 1930s. Studies in enriched cohorts 
with higher genetic or familial risk reveal particularly strong associations with polycyclic aromatic 
hydrocarbon (PAH) exposure, though most existing studies were not conducted in younger 
populations.  

Studies have also revealed hundreds of measurable carcinogenic chemicals that exist in 
household dust and everyday items. In fact, PAH exposure from indoor exposures during 
pregnancy has been associated with higher breast density in mothers and daughters.   

Based on these data, current approaches to identifying high-risk groups may benefit from 
combining geographic risk scores with polygenic risk scores. Screening strategies should also 
consider the populations missed by current guidelines, such as non-Hispanic Black women who 
may face disparities in screening for triple-negative breast cancer and occupational groups like 
female firefighters who have a higher risk for a variety of cancers.  
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Ultimately, Dr. Terry said that preventing EOBC will require reducing environmental exposures and 
expanding screening criteria based on susceptibility. 

 
What do we know about lung cancer in younger patients? 
Lecia V. Sequist, MD, MPH, Massachusetts General Hospital 
 
Dr. Sequist challenged conventional thinking about who is at risk for lung cancer and made the 
point that understanding risk is critical to setting policies for screening. The public and medical 
community alike have historically had an overwhelming focus on smoking as the sole risk factor 
for lung cancer, which is out of touch with the reality that lung cancer in nonsmokers is rising 
globally. In fact, if you separate out lung cancer in people who have never smoked from those who 
have ever smoked, lung cancer in never-smokers is the fifth leading cause of cancer death in the 
world (and in smokers is the leading global cause of cancer death). When looking at U.S. patients 
aged 40 and under with lung cancer, the majority have never smoked. 

Globally, lung cancer burden in younger patients is highest in Asia, Southeast Asia, Eastern 
Europe, and Russia. Looking at trends in incidence over time by sex, lung cancer in younger 
patients is decreasing among males but steeply rising among females in many areas, including 
Western Europe, East Asia, and Southeast Asia and is similarly comprised mainly of those who 
don’t smoke.  

Dr. Sequist said that, with the changing demographics of the disease, the implication is that 
there’s a need to rethink screening criteria. Although low-dose chest CT screening for lung cancer 
can reduce lung cancer-specific mortality by 20%, current screening eligibility criteria in the 
United States requires people to be at least 50 years old with at least a 20 pack-year history of 
tobacco use (a moderately heavy threshold). These criteria create a critical disconnect: even 
screening every single eligible person would miss half of all lung cancers.  

Dr. Sequist then discussed other risk factors for lung cancer, including air pollution, family 
history/genetics, inflammation, radiation, asbestos, and radon. Recent research links PM 2.5 
pollution to EGFR-mutant lung cancer through inflammatory pathways. Notably, family history 
significantly increases lung cancer risk: having just two or more relatives with lung cancer confers 
higher risk than the 20 pack-years currently required for screening eligibility.  

Thus, novel approaches are needed to evaluate individual risk and expand screening beyond 
smoking-focused criteria to capture modern high-risk populations. One approach that Dr. Sequist 
and her team are pursuing is the utility of using image-based AI to forecast future individual risk for 
lung cancer. 
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Discussion  

The discussion explored critical challenges in early-onset cancer screening and risk stratification. 
The conversation began with a fundamental question about why age 50 serves as the uniform 
screening cutoff for breast, colon, and lung cancers. Dr. May explained that part of the reason is 
convenience, as using five-year intervals facilitates data comparison across cancers. However, 
she acknowledged there's growing momentum to move away from arbitrary age cutoffs toward 
birth cohort-based approaches that better reflect actual risk patterns. 

Regarding the microbiome, it was noted that a distinction should be made between considering its 
role in etiology and screening applications. While researchers now have some knowledge about 
patient cohorts with deep microbiome profiles and which profiles are commonly expressed in 
cancer patients, it’s unclear whether these bacteria are causal or promotional. The challenge for 
screening lies in identifying functional profiles, rather than distinct pathogens, that are useful for 
screening. Without this understanding, microbiome-based screening may be difficult to 
implement at scale. 

Dr. May also addressed the modest 26% uptake rate for colorectal screening using mailed FIT kits, 
noting that the population in their study had already resisted primary care screening. Survey data 
revealed varied reasons for nonparticipation: recipients not realizing the kit was for them, 
procrastination, cancer fatalism (especially among women over age 60), and concerns about 
follow-up test costs and insurance coverage. The behavioral science behind "active choice" 
showed that introducing additional steps as simple as indicating a “yes/no” creates attrition, with 
many people simply not responding. 

Following this theme, a question arose about the psychology of risk perception. Dr. May remarked 
that even individuals with a family history of colorectal cancer often believe they will not 
personally develop the disease, a particularly common mindset in economically disadvantaged 
populations. Therefore, strategies are needed to raise awareness without inducing fear, while 
helping people understand their specific risk. 

The gap between detection and intervention emerged as a significant concern, particularly for 
community-based screening programs. Dr. Sequist agreed that for patients, obtaining the 
appropriate post-screening follow-up can be very difficult because of challenges in navigating the 
health care system. For example, in lung cancer screening where many detected nodules are 
actually benign, mobile units and outreach centers are relatively rare in the United States, making 
accessibility to follow-up an issue for certain populations. Another concern is that as blood-based 
screening tests for colorectal cancer become more popular, following up on positive results with 
colonoscopy can be a significant hurdle for certain populations. 

One participant noted findings from studies showing that colibactin is produced by a strain of E. 
coli, which can cause mutations in the tumor suppressor APC, the initiating mutations in the large 
majority of colorectal cancers. This suggests a central role of environmental factors in cancer 
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initiation, not just progression. Dr. Chan noted that identifying such bacterial profiles requires 
understanding underlying lifestyle factors that promote bacterial colonization or susceptibility. 

Next, Dr. Terry commented on combining geographic risk scores with polygenic risk scores, 
advocating for moving beyond "one size fits all" screening. She emphasized that known cancer 
belts and high-risk occupations should inform targeted screening strategies and that risk 
stratification and universal screening should not be mutually exclusive approaches. 

Dr. Rathmell concluded by highlighting the challenge of preventive medicine: few people thank 
you for diseases prevented versus diseases treated, yet reaching the wider community before they 
become patients remains essential for reducing the burden of early-onset cancer. 

 

SESSION 3: METABOLIC DYSREGULATION, DIET, AND MICROBIOME 

Unraveling the determinants of adiposity and cardiometabolic health in cancer  
Long Nguyen, MD, Massachusetts General Hospital  
 
Obesity is rising among children and teens, and obesity-related cancers are rising in young adults. 
There are several biological mechanisms by which obesity contributes to cancer initiation. 

Dr. Nguyen described unpublished findings from a multi-generational prospective study she is 
leading to examine predictors of overweight and obesity in children. The results suggest that there 
are multiple inter-generational factors that affect the risk of overweight and obesity. 

The study looked at data from 17,000 mothers and their children enrolled in the Nurses’ Health 
Study II and Growing Up Today Study, respectively. The researchers explored the impact of the 
mother’s health and behaviors, the children’s behaviors, as well as neighborhood features. 

Collectively, maternal factors contributed the greatest risk to childhood obesity. Children of 
mothers who followed a Western diet were at greatest risk. Other maternal factors linked to 
childhood obesity include night shift work, lower physical activity, pre-pregnancy obesity, obesity 
during child-rearing, and smoking.  

Social factors played nearly as great a role as maternal factors. Lower household income, lower 
paternal education, and fewer neighborhood resources were all linked with higher risk of 
childhood obesity.  

Personal factors of the children studied, namely their level of physical activity, diet, and sedentary 
behavior, also contributed to obesity risk.  

The same factors had similar associations with overweight. 

The findings have implications for early-onset cancer prevention, Dr. Nguyen said. To prevent 
childhood obesity and lower cancer risk, interventions should focus on children of mothers with 
obesity and addressing social determinants like access to healthy foods and green spaces. 



Page 11 of 24 
 

Circadian disruption: Emerging risk factor for colorectal cancer 
Faraz Bishehsari, MD, PhD, The University of Texas Health Science Center at Houston   
 
The human circadian clock controls the daily rhythm of biological functions such as sleep, 
digestion, and immunity. A central clock resides in the brain, where it responds primarily to light 
cues and synchronizes peripheral clocks in organs throughout the body, including the intestine. 
The intestinal clock also responds to feeding cues. Evolutionarily, this organization keeps 
individuals’ physiological pathways aligned with their environmental cycles. 

Modern life has fundamentally altered circadian rhythms, explained Dr. Bishehsari. Many people 
work night shifts, travel across time zones, and lack established eating schedules. Disrupted 
circadian rhythms can affect disease risk, including colorectal cancer risk.  

Dr. Bishehsari showed that alcohol consumption—another risk factor for colorectal cancer—
synergizes with circadian disruption to promote colon carcinogenesis. In one study in mice, 
switching light–dark cycles once a week was shown to accelerate alcohol-induced polyp and 
cancer growth. Light–dark shifting also led to changes in intestinal barrier pathways and DNA 
damage responses, potentially mediated by alterations in the intestinal microbiome.  

Altered time of eating, light–dark shift, and abnormal eating times can alter the gut microbiome.  

Dr. Bishehsari then discussed evidence from human studies, pointing to a study of 700 patients in 
which late eaters had more polyps, including advanced polyps, compared to non-late eaters. He 
also shared data from his unpublished human trial that suggests that alcohol consumption and 
abnormal eating times interact and disrupt the human circadian clock.   

When we eat or drink may be just as important as what we eat or drink, he concluded. The timing 
of eating may be particularly important in younger individuals in part because circadian 
misalignment is especially common in this age group. This research could help identify individuals 
at higher risk for colorectal cancer due to circadian rhythm disruption and could inform strategies 
for colorectal cancer prevention.  

 
Metabolic changes as a consequence of organ dysfunction for early cancer detection 
Matthew Vander Heiden, MD, PhD, Massachusetts Institute of Technology   

It’s well known that systemic metabolic changes contribute to cancer. Dr. Vander Heiden 
explained that the opposite also appears to be true: cancer contributes to systemic metabolic 
changes. He provided evidence that early-stage pancreatic cancer alters the function of the 
remaining normal pancreas, leading to systemic metabolic changes. Such changes could be 
tested for, he argued, potentially providing a method for earlier detection of pancreatic cancer.  
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This research points to a broader conceptual idea: looking at normal organ function to find cancer 
earlier. This is relevant for early-onset cancers, where population-based screening approaches 
are needed, Dr. Vander Heiden noted.  

The incidence of pancreatic cancer is rising, though it’s not typically considered an early-onset 
disease. Early detection is critical because treatments for late-stage pancreatic cancer are largely 
ineffective. But population-based screening for pancreatic cancer is hard because the incidence 
is relatively low, even among high-risk groups. Consequently, a screening test will find far more 
false positives than true positives when applied to most populations. A better approach may be to 
use several simple and less expensive tests to identify high-risk groups, and this would improve 
the performance of subsequent tests for cancer.  

Illness and other health problems caused by systemic metabolic changes, like diabetes and 
muscle breakdown, are known to occur prior to a pancreatic cancer diagnosis. Dr. Vander 
Heiden’s research has found that tumors in the pancreas can affect normal pancreatic function 
and contribute to these problems. This includes changes in pancreas-derived digestive enzyme 
activity, which can be measured in stool.   

Dr. Vander Heiden and collaborators are now piloting a stool-based pancreatic enzyme test as a 
way to identify patients at high risk for pancreatic cancer.  

 
Microbiome induced genotype: phenotype convergence drives early-onset colorectal cancer 
Karuna Ganesh, MD, PhD, Memorial Sloan Kettering Cancer Center   
 
Dr. Ganesh opened her talk by stating that driver mutations are largely the same among early- and 
late-onset colorectal cancer, necessitating the investigation of phenotypic drivers.  

She described findings from her research showing that pks+ E. coli in the gut can adhere to gut 
epithelium and secrete a toxin, colibactin, that damages DNA. The resulting error-prone DNA 
damage repair response leads to a colibactin-specific mutational signature in gut epithelium. 

Dr. Ganesh and colleagues developed an algorithm to find this colibactin signature within clinical 
next-generation sequencing data, namely from MSK-IMPACT. They found the signature in 
colorectal, head and neck, and other cancers of the digestive tract. Colorectal tumors with the 
signature were more likely to be early onset and located in the rectum. 

To explore whether colibactin induces a cell state that is permissive of carcinogenesis, the 
researchers used patient-derived organoids. They took a creative approach to get pks+ E. coli into 
the lumen of organoids: flipping the organoids inside out, exposing them to the bacteria, then 
flipping them back again.  

The bacteria not only induced the colibactin mutational signature, but it also de-differentiated 
intestinal epithelial cells into intestinal stem cells—which are more permissive to carcinogenesis. 
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Mechanistically, this occurs via chromatin remodeling; colibactin directly competes with 
intestinal differentiation transcription factors for genomic binding sites.  

Aging is associated with decreased stem cell capacity in the gut. Dr. Ganesh explained that 
organoids derived from the intestines of younger patients can regenerate more efficiently after 
colibactin-induced damage. However, that regeneration requires de-differentiation, opening the 
window for carcinogenesis, potentially explaining why the colibactin mutational signature is 
enriched in younger patients. A remaining challenge is how to identify young patients with the 
colibactin signature who are most likely to develop colorectal cancer. 

 
Discussion  

The discussion that followed the presentations highlighted ideas for future study, some of which 
are already in progress.  

For example, it was noted that colibactin-induced DNA damage could potentially generate 
specific mutations in cancer-related genes that could be targeted by existing investigational or 
approved agents, which could be determined by mining MSK-IMPACT data. In addition, data from 
cohorts of patients taking GLP-1 agonists could reveal the impact of these drugs on pks+ E. coli. 
Ongoing mouse studies are investigating whether the bacteria is spread from mother to baby 
during pregnancy and/or through other contact. Colibactin’s impact on other intestinal cell types, 
such as fibroblasts or dendritic cells, was also considered a worthwhile area of study. 

One attendee asked whether inflammation could be responsible for altering the function of 
normal tissues in the pancreas. Dr. Vander Heiden acknowledged that pancreatitis is a risk factor 
for pancreatic cancer, but that the specific mechanism is unknown in this case.  

Relating to the concept of looking at changes in normal organ function to detect cancer earlier, 
there was discussion about when these changes occur in relation to a cancer diagnosis. Such a 
timeline is likely cancer type-dependent, with some types having longer lag times. 

 
SESSION 4: EXPOSOME  

Are environmental chemicals causing early-onset cancer?  
Gary Patti, PhD, Washington University  
 
Dr. Patti’s talk centered around whether environmental chemicals are contributing to the rise in 
early-onset colorectal cancers. Although there are no definitive answers at the moment, he 
discussed the emerging technologies and collaborative research being used to tackle this 
complex question. 

Studying environmental exposures comes with significant challenges: humans routinely interact 
with more than one million chemicals, 25% of which are unknown due to undisclosed 
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manufacturing processes. Therefore, an effective approach may be conducting natural 
experiments that screen large populations to identify associations between chemical exposures 
and cancer incidence. Using high-resolution mass spectrometry, researchers have quantified the 
presence of hundreds of thousands of chemicals in humans, a field of study known as chemical 
exposomics. 

This is a relatively new field, with fewer than 200 published studies, no cohorts exceeding 500 
participants, and the use of varying methodologies across studies that make it impossible to 
compare findings. 

To help address these challenges, the NIH Multiomics of Health and Disease (MOHD) consortium 
was established to harmonize methods across clinical sites and make data intercomparable.  
PFAS measurements obtained through the NIH MOHD across U.S. cities revealed geographic 
variations, with some chemicals appearing in all cities and others only in specific locations. These 
data can allow researchers to correlate regional cancer incidence with local chemical exposures. 

However, a recent PFAS challenge study found that 3 of the 12 individuals in the study showed no 
blood-level changes after consuming PFAS-enriched beverages, suggesting differences in how 
PFAS are sequestered or metabolized,  and that there is a more complex process by which 
environmental exposures contribute to cancer. Chemical exposures, Dr. Patti said, may stress 
certain tissues, leading to physiological dysregulation at the cellular level, and that dysregulation 
leads to cancer. He advocated for studies that avoid “fishing” for chemical exposures and instead 
conducting those focused on metabolic physiology. 

Dr. Patti emphasized that modern mass spectrometry has now matured enough to be used at a 
population scale and can enable comprehensive analysis across many “omics,” including 
genomics, proteomics, metabolomics, lipidomics, and exposomics. This multi-omics approach is 
essential for understanding how environmental exposures influence metabolic physiology and 
potentially drive early-onset cancers. 

 
Integrating exposomics and multi-omics to investigate cancer etiology 
Peng Gao, PhD, Harvard T.H. Chan School of Public Health   
 
In his talk, Dr. Gao spoke about how measuring all exposures from birth to death is infeasible with 
current technologies because exposomes encompass lifestyle, social, ecosystem, and 
physical/chemical exposures. Instead, his lab focuses on environmental and biological 
monitoring of exposomic mixture effects, recognizing that simultaneous, chronic exposure to 
organic and inorganic substances at low doses can lead to toxic and carcinogenic effects and 
increase cancer risk.  

Existing chemical exposome databases contain more than 2 billion natural and synthetic 
chemicals, dwarfing the the genome's relatively few components. So, Dr. Gao's team employs 
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different mass spectrometry methods, including both targeted and nontargeted approaches, to 
identify and quantify molecules in samples collected from cancer cohorts.   

Exposomic effects also vary by time and space, and personal exposomics are heterogeneous even 
within closely clustered populations. In one study, wearables from San Francisco Bay Area 
residents showed individual differences despite shared geography. Moreover, airborne exposome 
and the totality of people’s environmental exposures are also heterogeneous and complex, as 
focusing solely on PM2.5 or PM10 ignores the diverse chemicals these particles carry. This motivated 
Dr. Gao’s lab to develop both passive samplers for specific molecules like airborne PFAS and 
customizable active samplers with batteries and multiple filters.  

Then, Dr. Gao used two studies to show how exposure profiles differ with behavior and disease 
context. The Pittsburgh Lung Screening Study compared smokers and never smokers, showing 
carcinogenic compound differences in prospective blood samples. The Boston Lung Cancer Study 
examined pretreatment samples across different lung cancer stages and subtypes. Importantly, 
gas chromatography and liquid chromatography, both coupled with high-resolution mass 
spectrometry, showed minimal chemical overlap, demonstrating the need for integrated analytical 
systems. Pathway analyses and molecular epidemiology analyses also identified small molecules 
associated with lung cancer risk and cytokine interactions.  

Genetic risk contributes only 10-20% to cancer etiology, with extrinsic factors having a substantial 
influence, highlighting the importance of integrating multi-omics profiles in studying cancer risks 
and causes. Additional work is being conducted to identify blood exposome profiles and integrate 
genomics, epigenomics, transcriptomics, proteomics, lipidomics, metabolomics, and 
microbiomics with exposomics data. Dr. Gao also explained that employing spatial exposomics 
through imaging mass spectrometry is feasible for cellular level exposome profiling on human 
tumor samples.  
 

Geospatial analytics for the exposome of cancer 
Trang VoPham, PhD, Fred Hutch Cancer Center   

Dr. VoPham described how geospatial analytics represent a powerful tool for studying the 
exposome of cancer. Researchers can leverage geospatial science (i.e., location-based) 
technologies to measure and examine the impact of the exposome, representing the totality of 
environmental exposures in the personal, natural, built, and social environments.  

In the context of cancer epidemiology, geospatial data representing environmental exposures can 
be linked with geospatial data representing locations of individuals (e.g., geocoded residential 
addresses, census tracts) to study how the exposome influences cancer outcomes. 

For example, geospatial science enables mapping to visualize trends in early-onset cancer rates 
over space and time and to identify spatiotemporal hotspots, thus illuminating potential 
underlying environmental etiologies. Linking participant locations with geospatial data, such as air 
pollution levels and per- and polyfluoroalkyl substances in drinking water, can clarify which 
exposures may contribute to cancer inequities.  
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Geospatial science can help answer specific questions related to early-onset cancer, such as if 
climate change and/or life-course exposures play a role. The latter is possible through the 
availability and use of geospatial datasets spanning decades in time and residential address 
histories, providing enhanced spatial and temporal resolution for considering residential mobility, 
early-life exposures, and critical exposure windows. The power of geospatial approaches further 
lies in the ability to simultaneously investigate multiple exposures through mixture modeling, 
offering a more holistic view than single-exposure studies.  

To help translate epidemiologic findings (including those derived using geospatial science) 
towards promoting population health, Dr. VoPham described approaches implemented by her lab, 
including: disseminating epidemiologic data and prevention strategies to physicians who care for 
patients through educational conference sessions, developing interactive geospatial web 
applications for visualization of neighborhood-level health and environmental data (leveraging a 
community-engaged approach), and utilizing digital medicine informatics with geospatial science 
to provide patient educational materials for environmental exposure mitigations strategies. 

 
Examining early life exposures that shape adult health risks: Insights from birth cohorts 
Zeyan Liew, PhD, MPH, Yale School of Public Health   
 
Dr. Liew’s talk centered around the developmental origins of health and disease, building on 
previous work showing that prenatal and early postnatal life strongly influence later disease. This 
work relies heavily on understanding critical time windows during fetal development, as different 
exposures affect specific organs during distinct developmental periods. For example, air pollution 
may have different critical windows for placental versus heart defects. Postnatal development 
also matters, with antibiotic use, maternal diet, delivery mode, early feeding, and infections 
potentially linked to colorectal cancer risk. 

Large-scale European birth cohorts that include exposure data have been formed in Norway, 
Denmark, the Netherlands, Spain, and England, providing the infrastructure for long-term follow-
up, with some Asian cohorts reaching 20 years of follow-up. In the United States, the ECHO 
program pools pre-existing cohorts, representing approximately 50,000 children from more than 
30 centers, with now entering adolescence. The Danish National Birth Cohort (DNBC) exemplifies 
comprehensive data collection, including maternal blood at 12 and 24 weeks of gestation, 
umbilical cord blood samples, interviews at multiple timepoints through age 11, and biobank 
storage of collected samples. This cohort is at 25 years of follow-up. This type of national data 
linkage enables cancer registry connections to diverse datasets for risk factor assessment. 

Such efforts are particularly helpful as PFAS exposure has increased over time and has become a 
universal exposure. The DNBC measured 4,000 prenatal PFAS samples, revealing wide-ranging 
outcomes. The data showed that maternal PFAS transfers to babies during gestation and 
breastfeeding, with type of PFAS and exposure levels varying across time and populations. Early 
PFAS exposure during the first 4 weeks of pregnancy was associated with facial morphology 
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changes, while higher quartiles of PFOA and PFOS exposure were associated with a nearly two-
fold increase in risk for preterm birth. Pooled analyses are also examining PFAS connections to 
ADHD. Together, these data strongly suggest that environmental exposures during critical 
windows can produce measurable developmental changes. 

 
Discussion  

The discussion opened with questions about data accessibility and standardization. For 
geospatial data, many datasets are global and were developed using consistent methodologies 
available from federal agencies. However, concerns arose about data sufficiency, particularly 
given that commonly used sources such as the NCI SEER database are missing substantial data, 
whereas the VA database provides richer information. The speakers expressed that, to an extent, 
the current data allows for initial association studies, though longitudinal and large-scale early-life 
exposure data are necessary to provide more meaningful results.  

The overwhelming volume of geospatial and exposure data prompted questions about whether 
machine learning and artificial intelligence could provide solutions. Dr. Patti emphasized the 
importance of learning from the omics layers with available data, stressing that harmonization is 
critical. By applying lessons learned from other omics fields regarding proper data collection, 
researchers might bypass phases where poorly collected data proves unusable. AI will be an 
essential tool and ensuring that research questions are grounded in biology remains the crucial 
first step. 

Social determinants of health emerged as an important consideration. Since social factors 
constitute an exposome domain, epidemiological studies increasingly incorporate variables like 
crime rates, examining both independent and dependent effects. Community engagement in 
research studies and data collection efforts was highlighted as essential, with acknowledgment of 
ongoing clinical translation efforts like the revised PFAS exchange for community members. 

In line with the topic of translation, clinical application challenges dominated later discussions. It 
would be challenging to profile specific exposures and outcomes for each participant or individual 
patient. Therefore, study designs must focus on particular timepoints and health outcomes. In 
this context, occupational exposures may offer more specific datasets. Moreover, chemical 
stability varies, with some exposures remaining stable over 5-10 years while environmental 
exposures might change more rapidly. Therefore, understanding the source of exposure might help 
guide clinical advice. 

Intervention timing sparked debate. For PFAS exposure from drinking water or personal care 
products, measurements during pregnancy come too late for intervention, though prevention 
remains possible depending on PFAS source. Dr. Liew noted that although everyone has chemical 
exposures, knowledge gaps exist about their effects. Therefore, communicating these data to 
patients becomes a nuanced situation, especially given that susceptibility to carcinogens varies 
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among individuals. Ideally, personalized exposure profiles would enable individualized avoidance 
advice, though achieving this remains challenging given current scientific and practical limitations 
around measuring individual susceptibility and the biological effects of complex chemical 
mixtures. 

 
SESSION 5: IMMUNE FITNESS AND ACCELERATED AGING 

Environmental exposures and the initiation of cancer-prone chronic inflammation  
Shawn Demehri, MD, PhD, Harvard Medical School   

Via prerecorded video, Dr. Demehri  presented evidence that regulators of chronic inflammation in 
the epithelial organs contribute to tumor development. He focused on changes in the epithelium 
that initiate the development of chronic inflammation, which is known to be tumor-promoting.   

In a mouse model of skin inflammation driven by repeated exposure to a contact allergen, an 
initial type 1 immune response was eventually replaced by a type 2 chronic inflammation 
response. The only type 2 alarmin cytokine significantly induced in the skin during this transition 
was IL-33.   

This same study also showed that mice exposed to a contact allergen plus a carcinogen 
developed skin tumors. But knocking out IL-33 almost completely protected mice from tumor 
development. Regulatory T cells appear to be receiving the IL-33 signal. T-regs were less 
populated in the skin of IL-33 knockout mice. Knocking out the IL-33 receptor, ST2, in T-regs 
protected mice from skin cancer. 

IL-33 and T-regs may also play a role in colon and pancreatic cancer. In a mouse model of colitis, 
knocking out IL-33 or ST2 in T-regs led to fewer colon tumors. And humans with pancreatitis or 
PDAC have high IL-33 expression in the pancreas. 

Subsequent studies showed that IL-33 may also drive cancer development directly via TGF-beta 
signaling in the nuclei of epithelial cells. 

Finally, Dr. Demehri showed evidence that statins block IL-33 expression in response to 
inflammation. Rates of pancreatitis, pancreatic cancer, chronic hepatitis, and hepatocellular 
carcinoma are lower among people taking the statin pitavastatin (Livalo). The same effect is not 
observed among people taking a different cholesterol-lowering drug, ezetimibe (Zetia).  

Statins are well-used and safe, Dr. Demehri noted. Thus, they could be a potential strategy for 
suppressing chronic inflammation, which could be critical in the context of early-onset cancers, 
where chronic inflammation is considered a risk factor. 
 

 
 



Page 19 of 24 
 

A complex TIME: The role of the aging tumor immune microenvironment in cancer 
progression 
Ashani Weeraratna, PhD, Johns Hopkins Bloomberg School of Public Health and School of 
Medicine  
 
Dr. Weeraratna’s research is focused on how the tumor microenvironment differs among age 
groups. The tumor microenvironment affects multiple aspects of cancer progression, including 
metastasis. 

Melanoma brain metastases are more frequent as patients age, and younger patients have a 
longer latency period to metastasis. In a recent study led by Dr. Weeraratna, it was shown that 
melanoma cells grow faster in young mice but metastasized more slowly in younger mice than in 
older mice. And in vitro, melanoma cells invade rapidly into aged mouse brain tissue but not young 
brain tissue.  

This difference appears to be governed by Wnt5A signaling in fibroblasts of the microenvironment. 
In younger mice, low Wnt5A signaling made cancer cells “grow but don’t go”—that is, proliferate 
but not invade. This phenomenon is called “phenotype switching.” 

Dr. Weeraratna hypothesized that age-related changes in the tumor microenvironment may 
contribute to early-onset cancers. Risk factors for early-onset colorectal cancer, such as a 
Western diet and smoking, are known to cause premature aging in the tumor microenvironment.  

Single-cell RNA sequencing of early-onset colorectal tumors showed that fibroblasts secrete 
inhibitors of Wnt signaling, while paradoxically, the tumor cells themselves have an enrichment of 
mutations in the Wnt gene, beta-catenin.   

The working hypothesis is that fibroblasts in the tumor microenvironment of younger patients 
secrete signals that suppress Wnt signaling in epithelial cells, but that epithelial cells with 
mutations in the Wnt pathway can selectively grow out to form an aggressive tumor. 

 

Dietary control of intestinal stem cells in cancer 
Omer Yilmaz, PhD, Massachusetts Institute of Technology   
 
How does obesity impact colon cancer incidence and progression? To answer this, Dr. Yilmaz 
studies the effects of high-fat diets on intestinal stem cells, which renew the intestinal lining and 
can give rise to colon cancers. 

In one study, mice fed a high-fat diet for more than a year had more intestinal stem cells, Dr. 
Yilmaz showed. In addition, progenitor stem cells started to behave like stem cells. Thus, with a 
high-fat diet there is a bigger pool of cells with cancerous potential. 
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Diets high in fat also affect metastatic potential. In mice with colon cancer, a high-fat diet 
accelerated liver metastasis and cancer death, Dr. Yilmaz showed. This phenomenon appears to 
be mediated by revival stem cells, which reside higher in the crypt and step in to repopulate stem 
cells if the intestine is severely damaged. The revival stem cell phenotype is controlled by YAP1 
signaling.  

Revival stem cells were enriched in colon tumors of mice fed a high-fat diet, Dr. Yilmaz showed. 
When colon tumors were depleted of revival stem cells, their metastatic potential was 
dramatically dampened, regardless of which diet the mice were fed.  

Mechanistically, a high-fat diet induces ceramide synthesis, which in turn activates the YAP1-
driven revival stem cell program. When the ceramide synthesis gene Degs1 was deleted in human 
or mouse colon tumors, metastatic potential was completely wiped out. The revival stem cell 
signature and ceramide synthesis genes were also elevated in obese patients compared with lean 
patients.  

Together, these data suggest that ceramides activate a revival stem cell program that is necessary 
for colon cancer metastasis to the liver. A high-fat diet exacerbates this loop. 

 
Consequences of chronic inflammation that predisposes to cancer 
Thaddeus Stappenbeck, MD, PhD, Cleveland Clinic Lerner Research Institute  
 
Dr. Stappenbeck presented research on inflammatory bowel diseases to argue that indolent 
infections in the gut could be driving persistent stem cell changes that target pathways that 
predispose to colon cancer formation.  

A hallmark of moderate to severe ulcerative colitis and Crohn’s disease—the two major types of 
inflammatory bowel disease—is persistent acute and chronic inflammation, leading to damage 
and disorder of the intestinal epithelium. This disrupts the multi-layered structural and chemical 
barrier to pathogens and intestinal symbionts created and maintained by the epithelium. When 
the intestine is damaged in this way, epithelial cells either stop or increase proliferation to repair 
the tissue. For Dr. Stappenbeck, a central question is, “what are the effects of repetitive injury 
from inflammatory bowel disease on intestinal epithelial stem cells?” 

Patients with ulcerative colitis commonly have discrete lesional and nonlesional areas adjacent to 
one another in the colon (separated by a grossly visible line of demarcation). In one study, his 
team isolated intestinal epithelial stem cells from these regions, grew cells in vitro to create a 
monolayer of cells at the liquid interface, and validated this platform using AI-based biomedical 
foundation models. Single-cell sequencing on paired patient biopsies shows that virtually the only 
difference between lesional and non-lesional tissues is in the intestinal stem cells. Only a handful 
of genes were reproducibly differentially expressed in these intestinal stem cells, including REG4, 
TFF1, and IL-8. They linked this signature to activated KRAS—a critical colorectal cancer pathway-
-as treating patient-derived stem cells with a KRAS inhibitor diminishes expression of these genes.  
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Curiously, the same gene signature occurs in epithelial cells chronically infected with CMV. The 
group also tested these patient stem cells and found that lesional areas were more readily 
infected by CMV than those from non-lesional areas, and they produce higher viral titers. Other 
studies have found indolent infections with other microbes, including fungi and bacteria, among 
people with inflammatory bowel disease.  

Dr. Stappenbeck proposed a hypothesis whereby indolent CMV infection (and perhaps other such 
infections) in the intestinal epithelium of people with inflammatory bowel disease leads to 
persistent cryptitis. This damage may predispose to colon cancer. They hypothesize that other 
proinflammatory conditions such as obesity in young people can also predispose to this scenario 
and predispose to colon cancer at an earlier age.  

 
Impact of epigenetics in immune fitness, aging, and cancer 
Manel Esteller, MD, PhD, Sant Pau Research Institute and University of Barcelona  
 
Dr. Esteller provided a broad overview of his research on cancer epigenetics. Epigenetic 
alterations, particularly DNA methylation and histone modifications, are considered a hallmark of 
cancer. Researchers have found epigenetic silencing (via hypermethylation) of various genes 
related to all the classic hallmarks of cancer, such as altered metabolism and phenotypic 
plasticity.  

Dr. Esteller and his colleagues have identified epigenetic signatures that define response to 
various immunotherapies including PD-1 inhibitors and CAR T-cell therapy. They defined an 
epigenetic profile of CAR T cells that produce long-lasting responses in patients with B-cell 
cancers. CAR T cells with this EPICART+ signature have more memory cells than short-term 
effector cells. This signature can be used to select highly effective CAR T cells via flow cytometry 
minutes before the therapy is given to patients.  

Dr. Esteller has also explored the spatial hallmarks of tumors, finding clusters of cells marked by 
particular hallmarks of cancer, including finding that individual clusters plus that of neighboring 
clusters defined patients’ responses to immunotherapy.  

Spatial transcriptomics has also helped provide information about cancers of unknown primary. 
They identified two distinct spatial profiles of cancers of unknown primary, one driven by 
oncogenes and the other by changes in the tumor microenvironment and immune cells.  

Finally, Dr. Esteller briefly described a multi-omic analysis of the longest-living person, giving 
critical insight into the aging process. This 117-year-old woman had very low-grade inflammation, 
a bacteriome similar to that of teenagers, and decelerated epigenetic clocks. 
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Discussion  

As in previous discussions, the concept of multiple synergistic exposures, each with small effect 
sizes, was highlighted. Epidemiologic studies prioritize exposures with large effect sizes. For 
exposures with smaller effect sizes, it’s going to be important to find human model systems for 
accurate testing of exposures. Collecting high-dimensional data that capture small effect sizes 
will also be critical. Studies can also look backwards instead of forwards: omics analyses of 
tumors can identify early exposures. Molecular signatures of lung tumors, for example, can reveal 
whether smoking was an exposure. 

The group also discussed how to model aging in the context of the tumor microenvironment. Dr. 
Weeraratna’s approach is to first study how the organ ages without tumors. The goal is to find age-
related features that eventually become part of the tumor microenvironment. For instance, they 
found fibroblasts in aged mice that had a higher propensity for becoming cancer-associated 
fibroblasts. They are now exploring whether people who develop early-onset cancer have more 
fibroblasts that are prone to aiding cancer cells. Dr. Estellar added that the age of tumors is also 
an important consideration and noted that good tools for estimating tumor age are lacking. 

Whether CMV is a cause of inflammatory bowel disease was questioned. One idea is that CMV is 
establishing latency in intestinal stem cells, an idea that Dr. Stappenbeck is exploring further in a 
pediatric cohort. However, CMV infection is systemic, and the group considered whether the 
effects of CMV on intestinal stem cells may also occur in stem cells of other tissues. 

Finally, Dr. Estellar closed the discussion with an explanation of the dynamics of epigenetic 
alterations. Tumor epigenetic profiles can change over time, and cancer treatment can select for 
clones with particular epigenetic features. So, tumor epigenetic changes behave much in the 
same way as genetic alterations. 
 

GROUP READ OUTS / DISCUSSION 

The discussion started with the definition of early-onset cancer, its variations across different 
cancer types, and the age range typically associated with it (ages 20 to 50). A key focus is on 
whether epidemiological profiles can provide insights into the statistical definition and 
characteristics of EOC. It raises the question of whether certain types of cancers, like sarcomas, 
which are more frequently diagnosed in younger individuals, align with the concept of EOC.  

The discussions revealed several critical gaps in understanding early-onset cancers. 
Fundamentally, there is insufficient knowledge about the etiology of these cancers, particularly 
why incidence is rising in younger populations.  

Unmet needs in research include developing better models for understanding EOC in humans, 
with a particular emphasis on the reproducibility of organoids and the quality of animal models. 
Engaging the community, particularly younger patients, is crucial, and there is a call for crowd-
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sourced, pragmatic approaches to participant involvement in research. Effective utilization of 
social media and technology, including AI for health advice and data extraction, is highlighted as a 
necessary strategy. 

Multiple groups emphasized that although various risk factors have been hypothesized, such as 
PFAS exposure, environmental factors, and social determinants of health, conclusive evidence 
remains limited. The lack of clarity extends to the definition itself, as "early onset" varies across 
cancer types, with age 50 being a common, but not universal, threshold. Additionally, there is 
inadequate understanding about the biological mechanisms driving disease in younger patients, 
including the role of the microbiome and tumor microenvironment. The discussion also touched 
on how age and sex influence cancer characteristics and the potential significance of metabolic 
phenotypes in understanding EOC. 

Several groups proposed comprehensive approaches centered on large-scale data integration.  

There is a call for a "grand unifying test" that integrates epigenomics, the microbiome, and other 
biological factors to identify pockets of high-risk individuals. This involves discarding genetic 
syndromes and analyzing family histories, even when clear mutations are not found. To 
adequately study these issues, paired tumor and germline analyses, along with tumor 
microenvironment assessments, are deemed essential.  

One group introduced a concept for the "SUPERMODEL" study: a multilevel, multidimensional 
case-control study integrating genetic, social, environmental, and exposure data across the life 
course, with a focus on cancers with rising incidence in young adults, particularly breast and 
colorectal cancers.  

Another group emphasized creating harmonized multiomics databases with population-based 
recruitment to ensure representative samples, rather than relying on the tertiary centers where 
most data are from. Lynch syndrome was suggested as a model system where well-defined 
genetic risks could facilitate the study of nongenetic factors. Many groups stressed the 
importance of including samples from multiple disease sites nationally and globally to capture 
diverse backgrounds, races, genders, and locations. 

The most needed resources for the scope of the proposed studies were funding and time, with 
funding periods extending beyond the typical 5 years to potentially 10 years, allowing adequate 
time for team formation and longitudinal follow-up. Other resources needed included 
infrastructure for specific data collection needs, such as for tumor, normal tissue, microbiome, 
and saliva samples for exposure analysis. Geographic considerations were emphasized, requiring 
recruitment efforts in high-risk regions. One group also highlighted the need for better disease 
models, including organoids and comparative animal models.  

Recognizing that research will require extended timelines, there is an urgent need to improve 
patient education and mechanisms for patients and physicians to escalate concerns to reduce 
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diagnostic delays. Risk stratification strategies can also help distinguish between symptomatic 
and asymptomatic patients who would benefit from intervention.  

Access to care emerged as a recurring theme, particularly for underserved populations and Native 
American communities experiencing rising incidence. Given the rising cancer incidence in 
younger patients, survivorship support will be essential. There is also an opportunity to improve 
engagement through technology, social media, and wearables, leveraging their adaptability to new 
platforms and even AI-driven health advice. 

The call to action centered on substantial, sustained investment in multidisciplinary research 
infrastructure, with funding over extended periods, and support to form partnerships with 
technology experts skilled in AI and big data optimization. Further, while colorectal cancer 
research should continue, funding must extend to other early-onset cancers. There is an urgent 
need for improved genetic testing paradigms to identify high-risk patients requiring earlier 
screening or intervention, along with expanded access and reduced costs. Importantly, the 
research must balance rigorous study design with immediate patient needs to create uniformity 
across treatment centers. 
 

CONCLUDING REMARKS 

The talks and discussions throughout the day revealed the complexity of early-onset cancer 
drivers and the imperative need for integration. New tools such as geospatial mapping, risk-
adapted modeling, and crowdsourcing approaches to engage citizen scientists will ignite new 
conversations. To set the stage for future work, researchers should engage in myth-busting 
misconceptions, recognizing that quality of life matters beyond mortality, and understanding that 
increased screening alone does not explain rising incidence. The discussions emphasized 
acceleration, multidisciplinary partnership, and leveraging global datasets to address this 
massive problem. Future success will require moving from ideas to implementation, using 
personal stories to communicate urgency, and maintaining focus on patients and families who 
motivate this essential work. 

 


