










































































































“how did this 
happen?”

Environmental & epigenetic factors

From an evidence based M.D.

“MOM DOCTOR”



Looking At the 
“Why”

2 & 1/2 years of looking for the why

From diagnosis to today







UNFORTUNATELY JESSICA IS NOT THE ONLY ONE…



Pre-Natal Exposure

EWG CORD 
BLOOD 
STUDY

LEAD 
MERCURY

PCB’S

287+ 
INDUSTRIAL 
CHEMICALS



Cord Studies in 2005 
&2009

180 CHEMICALS 
LINKED TO CANCER

217 TOXIC TO

BRAIN & NERVOUS

SYSTEM

CHEMICALS LINKED 
TO WASTE 

INCINERATION & 
FOSSIL FUEL 

COMBUSTION

2009 STUDY FOUND 
21 “NEW” TOXINS 

INCLUDING BPA



Ddt banned in 1972

Almost 50 years later

CDC Found in 99% of people tested



Guess What? Your veggies still have ddt
• USDA Found DDT Compounds in 42% of Kale Greens & 24% of 

carrots

• Present in 23 out of 31 common foods everything from yogurt, 
cheese, peanut butter, and “healthy foods” like sardines and salmon 

• Over 30 years over 1.35 billion pounds was sprayed in US alone

• These chemicals are man-made, toxic, bio-accumulate and bio-
persist



What else was going on?
“Age of Anti-Bacterial” 

PROBLEM IS WE

ARE BACTERIA!

90% OF OUR CELLS 

ARE MICROBIAL & 

10% HUMAN

Launched in 1997



Anti-Bac is Contrary to HYGIENE HYPOTHESIS 

• Early exposure to germs helps child’s immune system develop

• Complex gene-environment interactions

• Increases in allergic diseases and inflammatory disorders

• Fine balancing of t-Helper cells (1 &2) and T cell responses 

• triggered by altered or missing innate immune cell activation

• Pattern recognition receptors play crucial role in early shaping of immune system & 
development of th-2 driven allergic immune responses



“Age of Antibacterial” 
Triclosan….A Closer Look

• 2010 NRDC SUED THE FDA FOR 

NOT FINALIZING 1978 BAN ON 

TRICLOSAN

• IN 2016 FDA BANS TRICLOSAN 

IN HAND SANITIZER/SOAPS

• BUT IT’S STILL IN THOUSANDS 

OF PERSONAL CARE 

PRODUCTS TODAY



How Can 

Triclosan Be 

BANNED in 

Soap But OK 

in Toothpaste?



And By the way…What’s Gantrez?

• “The Colgate Total formula is so revolutionary it's even patented. Its active 
ingredient is Triclosan, which is used to help reduce plaque and gum 
problems. The Gantrez copolymer enables Triclosan to continue working in 
the mouth for 12 hours.”

• Genotoxic evaluation of Poly(anhydride) NP’s in the Gastrointestinal tract 
of mice

• High Mucous Permeable Carrier, Able to Reach GI Epithelium

• Significant induction of DNA strand breaks/oxidized bases in duodenum

• Promising nanocarriers as oral drug delivery systems



Tricloslosan…A Closer Look 

• U-Mass Study/Science & Translation Medicine (May 31, 2018)

• H20 Spiked with Triclosan 3 weeks/Mimic Human Levels

• 100% Gut problems: colon inflammation, rectal bleeding, abdominal 
pain, reduced lifespan

• Devastated microbiome diversity/Killed off Bifidobacterium 

• Transformed intestinal flora into antagonist > Inflammatory response

• Encouraged more aggressive tumor development IN Existing Colon 
Cancer



TRICLOSAN…A Closer Look

• OVER 4 DECADES AFTER IT WAS KNOWN TO BE UNSAFE (1978-Now) 

• Still persistent/no enforcement

• National health & Nutrition examination survey Present 75% of urine 
samples

• It’s among top 10 biggest pollutants of us rivers

• Mice bred without gut bacteria experienced no inflammation even 
after exposure to triclosan…which underscores that it’s gut specific

• And it Doesn’t just kill off the good guys….



• Increases Risk of Drug 

Resistant Bacteria

• Bacteria on your skin 

become resistant to 

triclosan itself (TRB)

• TRB has Mutations in 

Proteins (ENR’s) that 

exacerbate antibacterial 

resistance 



Antibiotics: Most Used in Children

• Antibiotic Use Highest in children under 2 

• 30% of RX antibiotics are unnecessary 

• (50 Million RX Year)

• Don’t help with most common issues

• Antibiotic RX is the New “Lollipop”



Antibiotics: the a-bomb

• ONE COURSE WIPES 

OUT 1/3 OF THE GUT 

MICROBIOME

• TAKES MONTHS TO 

YEARS TO GROW 

BACK 

• SOME SPECIES NEVER 

RETURN



What else was going on?

Age of 

“whiter 

& brighter”

Launched in 1998

Eclipse Launched 1999



TITANIUM DIOXIDE
One of the Most Widely Used Pigments in the World

Used in Paper, Paints, Plastics, Coatings, Pharmaceuticals, 

Sunscreen, Cosmetics, Toothpaste & Food





• E171& TiO2

• FRANCE NATIONAL 

INSTITUTE FOR 

AGRICULTURAL 

RESEARCH

• 90 DAYS IN-VIVO

• FOOD GRADE

• 40% OF RATS 

DEVELOPED 

PRECANCEROUS 

LESIONS ON 

COLON









What we know about Titanium Dioxide on 
Skin

Not Photostable 
It’s in 

“everything”

IT 

Is absorbed



• KNOWN CARCINOGEN INHALATION

• NANO Ti02 DISRUPTS FUNCTION OF BACTERIA 

WITHIN 60 MIN OF EXPOSURE

• TOPICAL USE & INGESTION?

• A PHOTOCALYST TiO2 CAN BE ADDED TO 

PAINTS, CEMENTS, WINDOWS, AND TILES IN 

ORDER TO DECOMPOSE 

ENVIRONMENTAL POLLUTANTS





EU to opt against health 

warning for suspected 

carcinogen

Decision on titanium 

dioxide follows industry 

lobbying and could be 

illegal, critics say





DOES Natural= safety?

• There are several examples of naturally occurring ELEMENTS minerals and 
metals that are unsafe

• Aluminum, arsenic, cadmium, chromium, lead, mercury, nickel

• And oh by the way hemlock too...

• Just to name a few…

• We’ve looked at titanium dioxide but what about zinc oxide?

• That must be safe right?…







No-NO Nanos





What else was going on? 

• Water Water Everywhere…

• Bottled Water Boom

• Commercially popular in late 90’s

• Dasani launched in 1999



What else was going on? 
• Boom of microbeads (PE) in consumer products in everything 

• MB Free Waters Act 2015/8 trillion Particles entering aquatic habits 
daily

• New Study finds Microplastics in Human Stool (Primarily 
Polypropylene & Polyethylene)

• “This is the first study of its kind and confirms what we have long 
suspected, that plastics ultimately reach the human gut. Of 
particular concern is what this means to us, and especially patients 
with gastrointestinal diseases.”



What else was going on? Plastics

• Latest study Released this month showed…

• Microplastics (MP’s) induce intestinal inflammation and oxidative stress

• Mp’s induced significant alterations in the metabolome and microbiome 
of zebrafish gut

• Significant metabolic and microbial alterations were associated with 
inflammation and lipid metabolism 

• 2nd Study released last month showed Polystyrene/Styrofoam negatively 
impacted microbiome with changes in glycolipid and energy metabolism



What Else was going on?
Age of “Sippy Cups” BPA

• BPA especially harmful to children

• Surprise It Affects Microbiome

• Sharp Decrease in microbiota Diversity

• Results in altered metabolic profiles

• Not Banned until 2012

• 5 out of 6 sippy Cups labelled 

Widespread 

Use Late 90’s



Hooray We’ve Banned “X….sort of”
• One Molecule difference…

• Bpa was replaced with bps

• Brominated tris/chlorinated tris

• Sodium laurel sulfate replaced with sodium Laureth sulfate

• Ddt was banned in 1972 and then roundup was introduced in 1974

• C8 was banned 10 years ago, 268 variations same chemical



A word about our chemical world

• There are over 80,000 + chemicals in commercial use today

• no-pre market testing of chemicals

• CPG & Personal Care companies use loopholes in legislation

• “trade Secrets” such as Fragrance/Artificial Flavors

• Chemicals Banned in EU or Other Countries/“GRAS” in U.S.

• Toothless tiger



What Else was Going On? 

• Widespread use of Glyphosate

• Used on over 93% of Soy and Corn Crops

• Used as a Desiccant Wheat/oats/Barley

• 18.9 billion Pounds since 1974

• 75% of that in last decade 

• Over 70 crops sprayed



A Word About “BT Corn”

• Bt & Mechanism of Action (to Kill European corn borer)

• Corn crops are sprayed an average of 8x in the field

• BT Has 2 Classes of Toxins 1 of those is Crystal Delta Endotoxins

• Toxic mechanism is for these proteins to bind to receptors in the 
mid-gut

• Resulting in Rupture of those cells 

• So what happens when WE eat them? 





Glyphosate: How Much are We Eating?

• Not Included in Annual Testing

• EPA Stopped “Special Assessment”

• 1,340 Different Foods



Glyphosate How much are We eating? 

• An fda approved food safety testing laboratory found levels in 
common foods ranging from 290-1,125 PPB

• At only 0.05 ppb roundup resulted in liver/kidney damage and 
changed the function of more than 4,000 genes

• Levels known to cause organ damage

• U.S. Allows 1.75 mg/kg/bw/day vs. EU 0.3 Mg/kg/bw

• Used on >175 Million Acres U.S./440 M Worldwide

• Can’t be removed by washing, cooking, baking, freezing







What else was going on? 
• Boom of high fructose corn syrup

• Didn’t consume sugary cereals 

• Fruit drinks or sodas

• We did consume….



A Little “Paint Thinner” in Your Cereal? 



A Little “Flame Retardant” in your sports 
drinks?

• BVO Common In Sports Drinks…



A word about those “Flame Retardants”

• Studies on the cytotoxicity of oganophosphate FR 

• show most severe effect on Caco-2 Colon Cancer Cells

• Relate directly to the Human Epithelial cell line

• Overproduced Reactive Oxygen species level

• Induced dna lesions & Increased ldh leakage

• Average home has more than 4 pounds

• U.S. babies have highest levels in the world

• Kids have 5x more than their parents



A Little “Cancer” in Your Daily Bread?

• Potassium Bromate Banned (and You were worried about the Gluten & 
Roundup)

• Class 2 B Carcinogen

• But not in U.S. 



A Little “Antifreeze” in Your cake?

• Salad Dressing, Iced Tea, Cake Mixes



A little GMO Fish Antifreeze Protein in your 
Ice Cream?

• “Anti-Freeze from Fish Blood Keeps Low-Fat Ice Cream Rich and 
Creamy”



A “Lot” of Emulsifiers Everywhere

• Dietary emulsifiers directly alter human microbiota composition and 
gene expression ex vivo potentiating intestinal inflammation

• Food additive alters gut bacteria to cause colorectal cancer

• Dietary emulsifier-induced low-grade inflammation promotes 
colon carcinogenesis

• Common food additive promotes colon cancer in mice

• Mayonnaise, processed meats, bread, ice cream, peanut Butter, 
Margarine



There’s Something in the Water….

• EWG Database for local Drinking water 

• 18 chemicals which exceeded state or federal guidelines

• *Chloroform, hexavalent chromium, barium, Strontium, Radiological 
contaminants, vanadium, Haloacetic acids, Tricloroacetic acid, 
Dichloroacetic acid, Dibromochlormethane, 

• Chlorate, Fluoride



Not your Mother’s Flouride

• Municipal H20 Supplies do Not use Natural “fluoride”

• They use Combination of HFSA and SSF

• 100x more arsenic than Alternatives

• HFSA also contains lead/No Exposure Safe



The Writing is on the Wall 

• Increases across all inflammatory bowel conditions

• Ibs, ibd, ulcerative colitis, chron’s disease



Microbiome under attack



No real answer

• Food

• Air/water

• Environmental exposure

• Chemicals

• Exposure to toxins

• There’s No “good” Answer



The Ohio State University Comprehensive Cancer Center – Arthur G. James Cancer Hospital and Richard J. Solove Research Institute

Heather Hampel, MS, LGC

Professor, Department of Internal Medicine

Associate Director, Division of Human Genetics

Associate Director, Biospecimen Research OSUCCC

Twitter: @HHampel1

Prevalence & Spectrum of Germline Mutations Among 

Patients with Early Onset Colorectal Cancer



• Collaborative research:
• Myriad Genetic laboratories

• Invitae Genetics 

• Ambry Genetics

• University of Washington Department of Laboratory Medicine

• Scientific advisory boards:
• InVitae Genetics

• Genome Medical (includes stock)

• Promega
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Disclosures



• Eligibility: All patients 
diagnosed with a primary 
invasive colorectal 
adenocarcinoma with surgical 
resection in Ohio between 
1/1/2013 and 12/31/2016

• Enrollment: 3319 CRC patients 
enrolled in the OCCPI

• 450 diagnosed <50 years
with testing completed were 
included in this subset 
analysis
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Ohio Colorectal Cancer Prevention Initiative (OCCPI)

Ohio

Columbus

Cleveland

Cincinnati

Toledo

Dayton

Akron



Colorectal cancer patients <50
(n=450)

MSI/IHC/methylation

Group 1: 
dMMR, not hypermethylated (47)

ColoSeq gene panel

Group 2:
pMMR (402) or hypermethylated (1)

MyRisk gene panel

dMMR unexplained (9)

ColoSeq Tumor 

somatic gene panel
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Procedures



MLH1 (13)

MSH2 (17)

MSH6 (2)

PMS2 (5)

APC (5)ATM (3)

Biallelic 
MUTYH (4)

BRCA1 (2)

BRCA2 (4)

CDKN2A (1)

SMAD4 (1)

PALB2 (2)

MUTYH hets 
(7)

I1307K 
(4)
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Results: All mutations
 1 out of 8 (16%)

have at least one 
hereditary cancer 
syndrome

 1 out of 11 (8.4%)
have Lynch 
syndrome

 1 out of 15 (7.8%)
have another 
hereditary cancer 
syndrome



Lynch 
syndrome

(37)

Other (2)

Other
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Results: Group 1 (dMMR)

Double 

somatic (9)

MAP + double 

somatic (2)

 37/48 (77%) with a dMMR tumor have LS (13 MLH1, 17 MSH2, 
2 MSH6, 5 PMS2)

 2/48 (4%) Other (1 MLH1 methylation & APC I1307K mutation 
& PMS2 VUS)

 9/9 with a dMMR tumor and no MMR germline mutation have 
double somatic mutations

 2/9 with a dMMR tumor and no MMR germline mutation have 
biallelic MUTYH mutations



Negative (270) Positive
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Results: Group 2 (pMMR)

High Risk

“Colon” genes

(9)

“Breast” and 

other genes

(13)

 32/402 (8%) with a pMMR tumor have a mutation*

 9 in genes strongly associated with CRC risk (5 APC, 1 
APC/PMS2, 2 MAP, 1 SMAD4) 

 13 in genes not traditionally associated with CRC risk (6 
BRCA1/2, 3 ATM, 1 ATM/CHEK2, 2 PALB2, 1 CDKN2A)

 10 in low penetrance CRC genes (3 I1307K & 7 MUTYH hets)

*One patient has mutations in 2 different genes

Moderate Risk

“Colon” genes

(10)



16%

14%

14%*

56%

Hereditary FDR with Colorectal Cancer FDR with Advanced Adenoma Sporadic

44% of Early-
Onset 
Colorectal 
Cancer are 
Preventable by 
Family History 
taking and 
earlier and 
more frequent 

Pearlman R, et al. JAMA Onc. 2017;3(4):464-71.

* Prevalence not known but at least as high if not higher than 

prevalence of a FDR with CRC
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Nearly Half of Early-Onset CRC is Potentially 
Preventable



83 (11.6%) 
PV in CRC 

gene

98 (13.6%)
FDR w/CRC

33 

(4.6%) 

with 

both

• 718 CRC patients dx <50 with complete testing at end 

of OCCPI study

• 148 (20.6%) unique high risk individuals



For Analysis Purposes

65 (9.1%) 

FDR 

w/CRC

83 (11.6%)

PV in CRC 

gene



Hereditary CRC Risk Group

 82 (98.8% of 83) would have initiated 

surveillance prior to diagnosis
 79 (95.2%) would have been potentially 

prevented (>5 years)

 3 (3.6%) would have been potentially 

downstaged (≤5 years)
 1 (1.2%) with stage I CRC (CHEK2)

 1 (1.2%) neither prevented nor 

downstaged
 MSH2 PV



Hereditary CRC Risk Group

 Difference between age of onset and first recommended 

colonoscopy (pathogenic variants with colorectal cancer guidelines)
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Family History Group

 53 (81.5%) of 65 would have initiated 

surveillance prior to diagnosis
 37 (56.9%) would have been potentially 

prevented (>5 years)

 16 (24.6%) would have been potentially 

downstaged (≤5 years)
 2 (3.1%) with stage I CRC

 12 (18.5%) neither prevented nor 

downstaged



Family History Group

 Difference between age of onset and first recommended 

colonoscopy (family history)

-30

-25

-20

-15

-10

-5

0

5

10

15

1 6 11 16 21 26 31 36 41 46 51 56 61

Y
EA

R
S 

P
R

IO
R

 T
O

 D
X

   
   

   
   

 Y
EA

R
S 

A
FT

ER
 D

X
 

PATIENTS



 If family history guidelines were initiated 

at a maximum age of 35 years 

compared to 40, the results change:
 51 of 65 (78.5%) at age 35 compared to 

37 of 65 (56.9%) with current guidelines

 Also results in 6 (9.2%) beginning 

surveillance within 5 years of diagnosis
 60 (92.3%) could have been prevented or 

downstaged.

Increasing the Yield of Family History



Effects of Adherence to Guidelines

Colon-oscopy
Prior to 
Diagnosis CRC 

Prevented
CRC 
Downstaged

CRC Not 
Prevented or 
Downstaged

Total 
Patients

Hereditary CRC 
Risk

82 (98.8%) 79 (95.2%) 3 (3.6%) 1 (1.2%) 83 (100%)

FDR with CRC 
only

53 (81.5%) 37 (56.9%) 16 (24.6%) 12 (18.5%) 65 (100%)

All High-Risk 
Patients

135 (91.2%) 116 (78.4%) 19 (12.8%) 13 (8.8%) 148 (100%)



What about the New ACS Screening Guidelines

 All 718 patients diagnosed <50

 None of the cancers would have been 

prevented since screening would not 

have started >5 years prior to dx

 570 without FDR with CRC or PV with 

CRC guidelines
 ACS recommendation of colonoscopy at 

45

 236 (41.4%) potentially downstaged



Overall Results

 116 of 718 (16.2%) early-onset CRC 

patients identified through OCCPI 

would have had their CRC potentially 

prevented based on FDR with CRC or 

genetics alone.

 19 of 718 (2.6%) would have had their 

CRC potentially downstaged
 2 (0.3%) with stage I CRC



Conclusion

 16% of early-onset CRC patients have 

a mutation in a cancer susceptibility 

gene

 16.2% (116/718) of early-onset CRC 

potentially preventable.

 Surveillance guidelines for hereditary 

CRC more effective than those for FDR 

only (95.2% vs 56.9%).
 FDR-based guidelines may benefit from 

adjustment (57.8% current; 80.0% 35)
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Molecular subtype of colorectal cancer 
associated with early age of onset

EAO-CRC fifth annual summit 

New York, NY. May 2019

Xavier Llor, M.D., PhD.

Professor of Medicine

Co-Director, Cancer Genetics and Prevention Program

Director, Colorectal Cancer Prevention Program 

Yale University and Smilow Cancer Center



Colorectal Cancer Facts and Figures. 2014-16. American Cancer Society

Trends in CRC Incidence 1975-2010

Twenty percent higher incidence of CRC among African Americans



Colorectal Cancer Facts and Figures. 2014-16. ACS

CRC Screening rates 2010

Percentages age adjusted to the 2000 US standard population



Chicago Colorectal Cancer Consortium (CCCC) 

Comprehensive study on colorectal cancer, particular emphasis in 

addressing disparities

Goals: 

a. Establish a large, robust, and well characterized multiethnic 

database and biological repository of CRCs with a high 

proportion of AA patients

a. To study molecular and genetic features of CRC, and their 

interaction with nutritional, behavioral, and toxic exposures



3.Recruitment

Recruiting hospitals: 

University of Illinois at Chicago

Jesse Brown VA 

Stroger Hospital of Cook County

Rush University Medical Center 

University of Chicago 

City of Chicago



 

A. African Years 2000-2002 Years 2011-2012 
p-value 

Americans % n=157 % n=137 

Median age at diagnosis 68 61 <0.01 

Individuals diagnosed at 
age 50 or younger 

11% 17/157 22% 30/137 0.01 

Cancer stage                                                                                                                    0.71 

0,I,II 48% 64/132 51% 66/129  

III,IV 52% 68/132 49% 63/129  

 

B. Non-Hispanic  Years 2000-2002 Years 2011-2012 
p-value 

Whites  % n=102 % n=69 

Median age at diagnosis 64.5 62 0.04 

Individuals diagnosed at 
age 50 or younger 

14% 14/102 15% 10/69 1.00 

Cancer stage              0.51 

0,I,II 52% 45/87 57% 35/61  

III,IV 48% 42/87 43% 26/61  

 

Comparison of colorectal cancer cases within African 

Americans and Non-Hispanic Whites

Xicola, et al. Clin Cancer Res. 2014 Sep 15;20(18):4962-70

SEER

(2005-9)

65

70



Cook County CRC data extracted from the Illinois State 

Cancer Registry (ISCR)

Age at diagnosis

Xicola, et al. Clin Cancer Res. 2014 Sep 15;20(18):4962-70



Features of microsatellite stable (MSS) colorectal cancers by 

tumor location in African Americans

Primary analysis

Xicola, et al. Clin Cancer Res. 2014 Sep 15;20(18):4962-70

Younger patients more commonly associated with distal CRC cancers 



Features of microsatellite stable (MSS) colorectal cancers by 

tumor location in African Americans

Secondary analysis

Xicola, et al. Clin Cancer Res. 2014 Sep 15;20(18):4962-70



Understand biological differences in CRC among AAs 
through the analysis of somatic mutational, copy number 
variation and methylation profiles, and compare features 
among younger vs. older individuals 

Goals



• Somatic mutations generated by 

Strelka

• Mutation analysis using MutSig

(ranked potential driver genes 

based on q value <0.1)

 43 microsatellite stable tumors 

included 

(2 POLE hypermutated excluded)

 32 recurrent mutated genes 

identified, each of them had at least 

three non-silent mutations

 7/32 genes: APC, TP53, KRAS, 

SMAD4, FBXW7, PIK3CA, ATM) 

well-established CRC driver genes 

2 Novel genes are reasonable drivers: PREX1 (guanine 

nucleotide exchange factor for RAC) and BCL9L (Wnt

signaling)

Mutation analysis

MutSig analysis

⏀ FLAGS score <100

Xicola, et al. Carcinogenesis. 2018, Vol. 39, No. 11: 1331–1341



Lower frequency of APC
mutations in AA CRCs

• Frequencies of TP53 and 

KRAS mutations in AA 

CRCs were not 

significantly different from 

those in NHW* CRC

• Frequency of APC mutations 

in AA CRCs (63%) was 

significantly lower than in 

NHW* (80%) p=0.03

*186 non-hypermutated CRCs in NHW from TCGA

APC mutation-negative CRCs

Xicola, et al. Carcinogenesis. 2018, Vol. 39, No. 11: 1331–1341



APC mutation negative associated with younger age of onset CRC

Feature

APC mutation 

positive

(n=27)

APC mutation 

negative

(n=16)

P value1

Clinical-pathological

Gender, males/females 19/8 7/9 0.11

Age at diagnosis, mean (SD) 62 (12) 51 (11) 0.01

Percent WAA, mean (SD) 80 (20) 73 (13) 0.19

FDR with cancer <60 yo (%) 10 (37) 6 (38) 1

Cases with previous cancer(%) 1 (4) 4 (25) 0.06

Tumor location (R/L) 9/18 6/10 1

TNM stage, 0-II vs III-IV 11/15 9/7 0.52

Grade, Low+Moderate/High 13/10 13/2 0.08

TCGA:

219 NHW non-hypermutated CRC:181 APC mutation +/ 38 APC mutation -

Median age: APC + : 68.0 

APC - :  54.5 

Association APC - tumors and early-onset CRC significant (P < 10−5)

Xicola, et al. Carcinogenesis. 2018, Vol. 39, No. 11: 1331–1341



APC mutation negative have less mutations

Median mutation frequencies:

•APC + : 170 

•APC - : 107 (P = 0.006, Mann–

Whitney test)

APC mutation-negative CRCs

Xicola, et al. Carcinogenesis. 2018, Vol. 39, No. 11: 1331–1341



Mutagenesis patterns: equal mutational signatures APC+ and 
APC-

• Frequencies of mutant triplets in exome sequencing data

• Predominance of C to T mutations in the CpG dinucleotide (as expected for MSS CRC): reflecting a mutational process dominated by deamination of methylated cytosines

• Equal frequencies of triplets in APC + and APC - CRCs



Greater chromosome stability among APC mutation negative 
CRC

Chromosome-arm gains and losses: substantially lower levels in the APC -
tumors compared with the APC + tumors (P<0.03; R package Rawcopy)

Xicola, et al. Carcinogenesis. 2018, Vol. 39, No. 11: 1331–1341



APC - : genome-wide hypermethylation with focal hypomethylation
APC + : genome-wide hypomethylation with focal hypermethylation

5923 differentially methylated regions (DMR)

Cluster analysis of the 200 most variable DMRs in the TCGA yielded similar results 

CRC methylation clusters by APC mutation status

Xicola, et al. Carcinogenesis. 2018, Vol. 39, No. 11: 1331–1341



APC mutation-negative CRCs have hypermethylated regulatory 
regions

Reference Epigenome Mapping Consortium’s chromatin state map for normal colonic mucosa based on 

ChIP-seq data to annotate differentially methylated regions

Methylation in CRCs, relative to normal 

tissue

Methylation in APC - relative to APC + 

tumors

Xicola, et al. Carcinogenesis. 2018, Vol. 39, No. 11: 1331–1341



APC - specific differentially methylated genes

• Three TCGA-identified cancer driver genes: SOX9, GPC6, and 

KIAA1804, were hypermethylated in APC - tumors whereas the 

same sites were hypomethylated in APC + tumors. 

• Promoter hypermethylation in APC - was also observed in key 

WNT signaling pathway genes including GATA6, TET1, 

FAT1, and GLIS1



Summary

• Younger age of onset CRC associated with APC – tumors

• These tumors show fewer somatic mutations and copy number 

alterations with an increased level of overall hypermethylation 

than APC + tumors

• APC - CRCs are associated with a novel DNA methylation 

signature: characterized by hypermethylation of select regulatory 

regions, affecting in particular genes in the WNT signaling 

pathway

• Methylation of genes in the WNT signaling pathway may allow 

by-pass of somatic mutation in APC
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MSK-IMPACT Protocol: 
Germline Analysis

Pretest educational video 

Consent for mutation profiling (468 genes)

for somatic (tumor-normal)

Somatic analysis

(468 genes)

Offered germline

consent 

(88 genes)

Germline analysis

Result by oncologist

1) Result by 

genetics and 

oncologist

2) Referral to 

Clinical Genetics 

Microsatellite analysis 



MSK-IMPACT Germline: 88 genes  
ABL1 BMPR1A CRKL ERBB2 FUBP1 IDH1 MAP2K1 MYOD1 PIK3C3 RAD50 SESN2 TBX3

ACVR1 BRAF CRLF2 ERBB3 FYN IDH2 MAP2K2 NBN PIK3CA RAD51 SESN3 TCEB1

AGO2 BRCA1 CSDE1 ERBB4 GATA1 IFNGR1 MAP2K4 NCOA3 PIK3CB RAD51C SETD2 TCF3

AKT1 BRCA2 CSF1R ERCC2 GATA2 IGF1 MAP3K1 NCOR1 PIK3CD RAD51L1 SF3B1 TCF7L2

AKT2 BRD4 CSF3R ERCC3 GATA3 IGF1R MAP3K13 NEGR1 PIK3CG RAD51L3 SH2B3 TEK

AKT3 BRIP1 CTCF ERCC4 GLI1 IGF2 MAP3K14 NF1 PIK3R1 RAD52 SH2D1A TERT

ALK BTK CTLA4 ERCC5 GNA11 IKBKE MAPK1 NF2 PIK3R2 RAD54L SHOC2 TET1

ALOX12B CALR CTNNB1 ERF GNAQ IKZF1 MAPK3 NFE2L2 PIK3R3 RAF1 SHQ1 TET2

ANKRD11 CARD11 CUL3 ERG GNAS IL10 MAPKAP1 NFKBIA PIM1 RARA SLX4 TGFBR1

APC CARM1 CXCR4 ERRFI1 GPS2 IL7R MAX NKX2-1 PLCG2 RASA1 SMAD2 TGFBR2

AR CASP8 CYLD ESR1 GREM1 INHA MCL1 NKX3-1 PLK2 RB1 SMAD3 TMEM127

ARAF CBFB CYSLTR2 ETV1 GRIN2A INHBA MDC1 NOTCH1 PMAIP1 RBM10 SMAD4 TMPRSS2

ARID1A CBL DAXX ETV6 GSK3B INPP4A MDM2 NOTCH2 PMS1 RECQL SMARCA4 TNFAIP3

ARID1B CCND1 DCUN1D1 EZH1 H3F3A INPP4B MDM4 NOTCH3 PMS2 RECQL4 SMARCB1 TNFRSF14

ARID2 CCND2 DDR2 EZH2 H3F3B INPPL1 MED12 NOTCH4 PNRC1 REL SMARCD1 TOP1

ARID5B CCND3 DICER1 FAM123B H3F3C INSR MEF2B NPM1 POLD1 RET SMO TP53

ASXL1 CCNE1 DIS3 FAM175A HGF IRF4 MEN1 NRAS POLE RFWD2 SMYD3 TP53BP1

ASXL2 CD274 DNAJB1 FAM46C HIST1H1C IRS1 MET NSD1 PPARG RHEB SOCS1 TP63

ATM CD276 DNMT1 FAM58A HIST1H2BD IRS2 MGA NTHL1 PPM1D RHOA SOS1 TRAF2

ATR CD79A DNMT3A FANCA HIST1H3A JAK1 MITF NTRK1 PPP2R1A RICTOR SOX17 TRAF7

ATRX CD79B DNMT3B FANCC HIST1H3B JAK2 MLH1 NTRK2 PPP4R2 RIT1 SOX2 TSC1

AURKA CDC42 DOT1L FAT1 HIST1H3C JAK3 MLL NTRK3 PPP6C RNF43 SOX9 TSC2

AURKB CDC73 DROSHA FBXW7 HIST1H3D JUN MLL2 NUF2 PRDM1 ROS1 SPEN TSHR

AXIN1 CDH1 DUSP4 FGF19 HIST1H3E KDM5A MLL3 NUP93 PRDM14 RPS6KA4 SPOP U2AF1

AXIN2 CDK12 E2F3 FGF3 HIST1H3F KDM5C MPL PAK1 PREX2 RPS6KB2 SPRED1 UPF1

AXL CDK4 EED FGF4 HIST1H3G KDM6A MRE11A PAK7 PRKAR1A RPTOR SRC VEGFA

B2M CDK6 EGFL7 FGFR1 HIST1H3H KDR MSH2 PALB2 PRKCI RRAGC SRSF2 VHL

BABAM1 CDK8 EGFR FGFR2 HIST1H3I KEAP1 MSH3 PARK2 PRKD1 RRAS STAG2 VTCN1

BAP1 CDKN1A EIF1AX FGFR3 HIST1H3J KIT MSH6 PARP1 PTCH1 RRAS2 STAT3 WHSC1

BARD1 CDKN1B EIF4A2 FGFR4 HIST2H3C KLF4 MSI1 PAX5 PTEN RTEL1 STAT5A WHSC1L1

BBC3 CDKN2A EIF4E FH HIST2H3D KMT2B MSI2 PBRM1 PTP4A1 RUNX1 STAT5B WT1

BCL10 CDKN2B ELF3 FLCN HIST3H3 KMT5A MST1 PDCD1 PTPN11 RXRA STK11 WWTR1

BCL2 CDKN2C EP300 FLT1 HLA-A KNSTRN MST1R PDCD1LG2 PTPRD RYBP STK19 XIAP

BCL2L1 CEBPA EPAS1 FLT3 HLA-B KRAS MTOR PDGFRA PTPRS SDHA STK40 XPO1

BCL2L11 CENPA EPCAM FLT4 HNF1A LATS1 MUTYH PDGFRB PTPRT SDHAF2 SUFU XRCC2

BCL6 CHEK1 EPHA3 FOXA1 HOXB13 LATS2 MYC PDPK1 RAB35 SDHB SUZ12 YAP1

BCOR CHEK2 EPHA5 FOXL2 HRAS LMO1 MYCL1 PGR RAC1 SDHC SYK YES1

BIRC3 CIC EPHA7 FOXO1 ICOSLG LYN MYCN PHOX2B RAC2 SDHD TAP1 ZFHX3

BLM CREBBP EPHB1 FOXP1 ID3 MALT1 MYD88 PIK3C2G RAD21 SESN1 TAP2 ZRSR2



Prevalence of pathogenic germline variants
First 1,040 patients prospectively tested by MSK-IMPACT

Clinical Genetics: Mark Robson, Kenneth Offit

Diagnostic Molecular Genetics: Diana Mandelker, Ozge Birsoy, Liying Zhang

(Mandelker et al., JAMA 2017)

• 17.5% patients had clinically actionable 

pathogenic variants conferring cancer 

susceptibility

• 30-55% of these would not have been 

detected by  clinical guidelines-directed 

testing, depending on case mix, ancestry 

and stage



Accrual to MSK-IMPACT Somatic and Germline: 2013 – 2019
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Penetrance Known CRC Associated Genes

High APC, EPCAM, MLH1, MSH2, MSH6, PMS2, MUTYH (biallelic), POLD1, POLE, 
TP53, SMAD4, BMPR1A, SMAD4, PTEN 

Moderate CHEK2

Low APC (1307K)
MUTYH (heterozygous)

Recessive/
Uncertain

MSH3, NTHL1



Baseline Characteristics N=464 

Median Age at Diagnosis (range) 42
(14-49)  

≤35 114 (24.6%)

>35 but <50 350 (75.4%)

Gender M: 265 (57%)
F: 199 (43% ) 

Tumor Location Colon: 290 (62.5%)
Rectum: 167 (36%)
Unknown: 7 (1.5%)

Other primary cancers Any other malignancy: 40 (8.6%)
Colon: 7 (1.5%)
Thyroid: 4
Uterine: 3
Other: 22

Baseline Characteristics of AYA-CRC (<50 age)



Prevalence of Germline Mutations in CRC patients < age 50 at diagnosis (N=464)  

Negative, 383, 
83%

Positive, 81, 
17%

Negative Positive

10

6 6

2

1

0

2

4

6

8

10

12

MLH1 MSH2 MSH6 PMS2 EPCAM

Lynch syndrome: 

5.4% 

25/464 
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Tumor 
Location

Penetrance

Overall High Moderate Low Uncertain/ 
Recessive

Colon
(n=290)

18.3%
(53)

8.6%
(25)

2.1%
(6)

3.4%
(10)

4.1%
(12)

Rectum
(n=167)

16.2%
(27)

8.4%
(14)

1.8%
(3)

3%
(5)

3%
(5)

Prevalence of Germline Mutations by Tumor Location



Negative, 87, 
76%

Positive, 27, 24%

Negative Positive

Prevalence of Germline Mutations in CRC patients age ≤35 at diagnosis (N=114)  

Age Penetrance 

Overall High Moderate Low Uncertain/Recessi
ve

≤35
(n=114)

23.7%
(27)

12.3% 
(14)

1.8%
(2)

5.3%
(6)

4.4% 
(5)

>35
(n=350) 

15.4%
(54)

7.1%
(25)

2%
(7)

2.8%
(10)

3.4%
(12)

All
(N=464) 

17.4%
(81) 

8.4%
(39)

1.9%
(9)

3.4%
(16)

3.7%
(17)



Person
with cancer

Germline 
Genetic 
Screen  

› Known Hereditary Cancer 

Syndromes

› Novel Gene-Phenotype Associations

› Incidental Findings 

+

–

–

+

Family 
History & 

Phenotype

› Enhanced Genetic Testing

› Niehaus Discovery Efforts 

›Sporadic Cancers 

Family 
member 

without cancer

Germline
Genetic 
Screen

+

– ›General Population  

›Unaffected Mutation Carriers  

Personalized 

Plan Cancer 

Genetics

Blood Screen 

and Surveillance 

Program 

Aim 1: Agnostic Testing of Cancer Cases

Aim 2: Cascade Testing of 

Family Members

Aim 3: Prevention and 

Interception of Cancer

Precision, Interception and Prevention (PIP): Germline Cancer Genetics 



Germline mutations in YOUNG-ADULT cancer patients: Ages 18-35

Negative Patients, 
80%

Positive Patients
20%  

124

82

70

44

35

26 25 25 24

16
19 18

15 13 13
10 11

8
4

7
3 1

4 3 2 2 2 0 1 1

34

26

16
9

4
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2 3
10

3 2 3 3 2 2 0 2 4
0

3 4
0 1 1 0 0 2 0 0

0

20

40

60

80

100

120

140

Negative Positive

Stadler, et al. YA patients as of 2/1/2019

Young-Adult Cancer Patients 

(age 18-35); N=762

Part of Precision, Interception, 

Prevention (PIP) effort

‘Trio’ design • 10% of TGCT trios with de novo rare copy-number variants 
(CNVs) (Stadler et al. AJHG)

• Exome data: 9% of trios with likely gene disrupting, rare, de 
novo mutations



Genome-Targeted Prevention and Interception Clinic 

› Known Hereditary Cancer 

Syndromes

› Novel Gene-Phenotype

Associations

› Novel & Incidental Discovery 

Findings 

› UNAFFECTED Mutation Carriers 

LONGITUDINAL 

FOLLOW-UP CARE 

• Cancer genetics PIP initiatives will result in a substantial increase in the number of 
individuals with POSITIVE germline genetic findings

› Cancer surveillance (breast MRI, 

mammography, colonoscopy, 

ultrasonography etc) 

› Clinical procedures (endometrial biopsy skin 

biopsy)
› Risk-reduction measures: surgical referrals 

› Direct in-house referral to surgical/medical 

oncologist

› Opportunity for additional research: outcomes, 

non-invasive prospective screening, 

cancer prevention trials

Alicia Latham, MD

in concert with the Survivorship Program, General Medicine Division 



Conclusion YO-CRC has a substantial hereditary component; however, majority of the 
genetic risk remains unexplained

Identification of germline mutations offers opportunities for early detection, 
intervention, and prevention 

Patient outreach and engagement vital to success of screening and 
intervention efforts 

As part of the Niehaus Center gene discovery efforts, the unexplained rise in 
young-adult CRC and other cancers will require exome, genome, and 
possibly transcriptome sequencing and functional genomic studies
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Germline Genetic Features of Young 
Individuals with CRC

Elena M. Stoffel MD, MPH

Director, Cancer Genetics Clinic
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CRC Risk Assessment

Age>50

Family History 
CRC in first degree relative(s)

Personal history 
Colorectal adenomas
Inflammatory Bowel Disease

Genes

Environment

Cancer 
Risk 



Genetic Predisposition to CRC
ca 1996

Adapted from Burt RW et al. Prevention and Early Detection of CRC, 1996

Sporadic 
(65%–85%)

Familial 
(10%–30%)

Lynch Syndrome (2-3%)

Familial adenomatous 
polyposis (FAP) (1%)

Rare CRC 
syndromes 

(<0.1%)

ASCO



Stoffel and Boland Gastro 2015



Methods

• Retrospective review of outcomes of clinical genetic evaluation in 
individuals with CRC age<50

• 1998-2015



Characteristics of Patients with Young Onset 

Colorectal Cancer (N=430)

Total 

N=430 (100%)

Female 213 (49.5%)

Mean age dx (range) 40.0 (16-49)

Race

White 318 (74.0%)

Non-White 31 (13.9%)

MSI-Status*

MSI-H 41 (9.5%)

MSS 163 (37.9%)

Unknown 226 (52.6%)

Family history*

FDR with CRC 111 (25.8%)

Tumor stage*

0-I 54 (12.6%)

II 43 (10.0%)

III-IV 183 (42.6%)

CRC Site*

Right colon 115 (26.7%)

Left colon 182 (42.3%)

Rectum 72 (16.7%)

Not specified 61 (14.2%)
Stoffel EM, Gastroenterology 2018; 154: 897-905



Outcomes of Clinical Evaluations in Young CRC

CRC cases dx <50y,  N=430

Germline test performed, 
N=315

Positive, N=79 (18.4%)

Syndrome-Specific Sequencing,  
N=74

MMR (56)
MSH2 (25)
MLH1 (24)
MSH6 (5)
PMS2 (2)

APC (10)
MUTYH (7)

biallelic (4), monolellic (3)

SMAD4 (1)

Multigene Panel, N=5

BRCA1 (1)
CHEK2 (1)
MUTYH, monoallelic (1)
TP53 (1)
SMAD4 (1)

VUS, N=21 (4.9%) Negative, N=215 (50.0%)

No testing, N=115 

Stoffel EM, Gastroenterology 2018; 154: 897-905



Characteristics of Patients with Young Onset Colorectal Cancer (N=430)

Total 

N=430 (100%)

Positive 

N=79 (18.4%)

No mutation 

N=215 (50.0%)

VUS

N=21 (5%)

Female 213 (49.5%) 41 (51.9%) 103 (47.9%) 13 (61.9%)

Mean age dx (range) 40.0 (16-49) 37.2 (17-49) 41.1 (16-49) 8 (38.1%)

Race

White 318 (74.0%) 59 (74.7%) 177 (82.3%) 11 (52.4%)

Non-White 31 (13.9%) 4 (13.8%) 11 (5.1%) 6 (28.6%)

MSI-Status*

MSI-H 41 (9.5%) 17 (21.5%) 20 (9.3%) 1 (4.8%)

MSS 163 (37.9%) 6 (7.6%) 111 (51.6%) 12 (57.1%)

Unknown 226 (52.6%) 56 (70.9%) 84 (39.1%) 8 (38.1%)

Family history*

FDR with CRC 111 (25.8%) 42 (53.2%) 35 (16.3%) 7 (33.3%)

Tumor stage*

0-I 54 (12.6%) 20 (25.3%) 23 (10.7%) 3 (14.3%)

II 43 (10.0%) 11 (13.9%) 27 (12.6%) 0 (0.0%)

III-IV 183 (42.6%) 17  (21.5%) 98  (45.6%) 13 (61.9%)

CRC Site*

Right colon 115 (26.7%) 28 (35.4%) 50 (23.3%) 5 (23.8%)

Left colon 182 (42.3%) 24 (30.4%) 109 (50.7%) 10 (47.6%)

Rectum 72 (16.7%) 6 (7.6%) 47 (21.9%) 5 (23.8%)

Not specified 61 (14.2%) 21 (26.6%) 9 (4.2%) 1 (4.8%)
*p<0.05 difference between mutation positive and mutation negative group



NGS Re-sequencing
(Research-based)

• Patients with CRC dx age<50 with prior 
“negative” clinical genetics evaluation

• N=117

• Germline DNA sequenced using NGS 
sequencing  (50x coverage)

• 124 Cancer Gene Panel (Qiagen GeneRead)



University of Michigan Cancer Genetics Clinic

CRC cases dx <50y,  N=430

Germline test performed, N=315

Positive  N=79 (18.4%)

Clinical Sequencing,  N=75

MMR (56)
MSH2 (25)
MLH1 (24)
MSH6 (5)
PMS2 (2)

APC (10)
MUTYH (7)

biallelic (4), monolellic (3)
SMAD4 (1)
TP53 (1)

Clinical Multigene Panel, N=4

BRCA1 (1)
CHEK2 (1)
MUTYH, monoallelic (1)
SMAD4 (1)

VUS, N=21 (4.9%) Negative genetic test, N=215 (50.0%)

No testing, N=115 

Research finding:  pathogenic 
mutations, N=6

PMS2 (1)
MSH6 (1)
MSH2 (1)
TP53 (1)
POLE (1)
APC (1)

Research NGS  
sequencing

N=117

N=85 (19.8%)

1 in 20 w/ prior “negative”
clinical evaluation had 
Actionable germline mutations
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CRC 36

Gastric 70

PMS2+

Prostate 80
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Gastric

MSS tumor
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EO-CRC 
Missed Mutation Carriers?

• Family history can vary (48% reported no CRC in FDR)
• Relatives have not yet developed their cancers

• Incomplete information

• Variable penetrance

• Clinical phenotypes can vary
• Potential overlap in phenotypes of different syndromes

• Tumor testing is not perfect
• MSH6 and PMS2 tumors may be mismatch repair proficient (MSS)



CRC <35y CRC <50y

Lynch 
FAP 
Other

Pathogenic Mutation (25.9%)

No mutation

Pathogenic Mutation (19.8%)

Prevalence of Germline Mutations
by CRC Age Group

30% dx<35
(Mork JCO 2015)

16% dx <50
(Pearlman JAMA oncol 2017)



Hereditary Predisposition to Cancer

Breast/Ovarian Cancer

BRCA1
BRCA2
PALB2

Hamartomatous/
Mixed Polyposis  CRC

STK11

PTEN

Adenomatous 
Polyposis 

Non-polyposis CRC

CDH1
TP53

ATM
CHEK2
NBN

Colorectal Cancer

SMAD4
BMPR1A

MUTYH

APC

Lynch 
Syndrome

MLH1
MSH2
MSH6
PMS2

EPCAM

POLE
POLD1
NTHL1

aDarker shading represents higher penetrance
bSize approximates population prevalence

Various

Stoffel EM, Gastroenterology 2018; 154: 897-905



Missing Heredity of Complex Diseases

Manolio et al, Nature 2009



Family History 
Genetic (G-score)= 63 SNPs at 49 known CRC loci
Environment (E-score)= BMI

smoking
diet (red meat, fruits/veggies
physical activity

NSAID use

Combined Model AUC: 0.63 (0.62-0.64)
vs 0.53 with family history alone



G-Score Predicts Risk for Early Onset CRC
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Missing Heredity of Complex Diseases

Manolio et al, Nature 2009

Other exposures:
Diet

Microbiome
Lifestyle



Conclusions: Germline Mutations in Young 
CRC

• Hereditary Cancer Syndromes diagnosed in 1 in 5 
individuals with early onset CRC

• Multigene panel germline testing for all CRC age<50 
increases diagnostic yield 

• Majority of early onset CRCs are not associated with 
highly-penetrant hereditary cancer syndromes

• Utility of genotype and lifestyle data (TBD)
• CRC risk 

• Pathogenesis



Thank you!



Pathogenic Germline Cancer Susceptibility 

Gene Variants in Individuals with Colorectal 

Cancer

Matt Yurgelun, MD

Medical Oncologist, Gastrointestinal Cancer Center

Director, Lynch Syndrome Center

Dana-Farber Cancer Institute
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How we used to view hereditary colorectal cancer (circa 2013)

Lynch syndrome

Other rare syndromes



• Hereditary factors play a key role in the etiology and risk of  colorectal cancer

• Genetic testing for inherited cancer syndromes has the potential help prevent cancer 

and cancer-related death

• Germline risk identified  Specialized risk-reducing interventions

 At-risk family members tested (“cascade testing”)

 Therapeutic implications for select patients with advanced cancer

• Advances in next-generation sequencing technologies now allow for rapid assessment 

of  numerous genes in parallel

• Multi-gene panels widely commercially available for hereditary risk assessment

• Costs rapidly decreasing

Background



• Scientific data about the use of  such panels is only beginning to emerge

• Ability to perform comprehensive germline evaluation has outpaced our ability to use 

and interpret such technology

• The more you look, the more you find…

Multi-gene germline testing

xkcd.com



Multi-gene germline testing



• Which colorectal cancer patients need multi-gene germline testing?

• High-risk colorectal cancer cases?

• Suspected Lynch syndrome

• Young-onset

• All individuals with colorectal cancer?

• Aims:

• To determine whether multi-gene germline testing offers meaningful advantages over syndrome-specific genetic 

evaluation strategies

Multi-gene germline testing – Colorectal cancer



• 1260 consecutive individuals referred to a commercial laboratory (Myriad Genetics) 

for clinical Lynch syndrome testing

• All with personal history of  Lynch-associated cancer and/or polyps

• After completion of  clinical Lynch syndrome testing, samples anonymized for research-

based testing with 25-gene multiplex panel

• Clinical data obtained from test request forms (completed by clinician ordering testing)

• Ancestry

• Personal history of  cancer/polyps, including age at diagnosis

• Family history of  cancer

Multi-gene germline testing – Suspected Lynch syndrome

Yurgelun MB, et al. Gastroenterology 2015;149:604-13.



High-penetrance genes
• Lynch syndrome

• MLH1, MSH2, MSH6, PMS2, EPCAM

• BRCA1/2

• Other
• APC

• BMPR1A

• CDH1
• CDKN2A
• CDK4
• MUTYH (biallelic)

• PTEN

• SMAD4

• STK11

• TP53

25-gene Multiplex Hereditary Cancer Panel

Yurgelun MB, et al. Gastroenterology 2015;149:604-13.

Low-/moderate-penetrance genes
• ATM

• BARD1

• BRIP1

• CHEK2

• NBN

• PALB2

• RAD51C

• RAD51D

PINK = genes not known to be linked to colorectal cancer risk



Multi-gene germline testing – Preliminary Data

• Population: Laboratory-based cohort of  1260 individuals referred for Lynch syndrome genetic testing due to 
personal history of  cancer and/or polyps

• Methods: Multi-gene germline testing with a 25-gene panel. Clinical data obtained from test request form filled 
out by ordering clinician

• Results: 14.4% mutation prevalence; 39% of  all mutations were in non-Lynch genes
• >1% with BRCA1/2 mutations; only 33% met NCCN criteria for BRCA1/2 testing

• 75% of  all mutations found were in “high-penetrance” cancer susceptibility genes

• 38% of  participants had ≥1 VUS

• Conclusions: Clinical criteria for Lynch syndrome testing will identify substantial number of  individuals with 
other forms of  hereditary cancer risk
• Individuals with atypical phenotypes

• Limiting hereditary risk assessment (MSI/MMR IHC tumor testing and/or germline testing) will fail to identify substantial 
number of  individuals with high-penetrance forms of  inherited cancer risk

• Next steps: What about any/all individuals with colorectal cancer?

Yurgelun MB, et al. Gastroenterology 2015;149:604-13.



Multi-gene germline testing – All colorectal cancer patients

• Study Population: Clinic-based 

cohort of  1058 individuals with 

colorectal cancer (CRC) seen at 

DFCI and consecutively enrolled in 

institutional sample registry from 

2008-14. 

• No pre-selection for age, 

personal/family cancer history, 

MSI/MMR IHC tumor testing

• Methods: Multi-gene germline 

testing with a 25-gene panel.

• Pathology and clinical histories 

(including family history of  cancer) 

verified by medical record review.
Yurgelun MB, et al. J Clin Oncol 2017;35:1086-95.



• 105/1058 (9.9%; 95% CI 8.2-11.9%) with 
≥1 pathogenic/likely pathogenic germline 
variant

• 3.1% with Lynch syndrome 
• 97% with MSI-H and/or MMR-D tumors

• 97% met clinical criteria for Lynch syndrome 

testing

• 7.0% with pathogenic/likely pathogenic 

germline variants in non-Lynch genes

• 31% of  cohort carried ≥1 germline 

variant of  uncertain significance (VUS)

Multi-gene germline testing – All colorectal cancer patients

Yurgelun MB, et al. J Clin Oncol 2017;35:1086-95.



• Germline BRCA1/2 variants

• Most common high-penetrance non-Lynch finding

• 1.0% of  CRC cohort (1:96)

• Higher than prevalence in general population (~1:400)

• Only 27% (3/11) BRCA1/2 probands had clinical histories that fulfilled 
NCCN criteria for BRCA1/2 testing

• 18% (2/11) had personal history of  a BRCA-associated malignancy (breast cancer 

and melanoma)

• Nearly half  (45%) BRCA1/2 probands with CRC were diagnosed before 

age 50 years (range 31-69 years)

Multi-gene germline testing – All colorectal cancer patients

Yurgelun MB, et al. J Clin Oncol 2017;35:1086-95.



Multi-gene germline testing – All colorectal cancer patients

Yurgelun MB, et al. J Clin Oncol 2017;35:1086-95.

Characteristic Odds ratio (95% CI)

Age at 1st CRC diagnosis (per 10 yrs) 0.93 (0.76, 1.15)

>1 CRC diagnosis (ref: 1 CRC diagnosis) 3.70 (1.31, 10.49)

Personal history of other cancer† 1.76 (0.95, 3.27)

Any 1st degree relatives with CRC 1.22 (0.59, 2.51)

Any 1st degree relatives with breast ca 1.84 (0.99, 3.40)

Any 1st degree relatives with ovarian ca 3.06 (0.97, 9.64)

KRAS mutation status
(ref: KRAS wild type)

KRAS G12C mutation: 4.58 (1.76, 11.92)
Other KRAS mutation: 0.79 (0.42, 1.48)
Missing KRAS status: 0.75 (0.41, 1.39

Factors associated with presence of a non-Lynch mutation (versus non-carriers)



• 9.9% germline mutation prevalence in unselected CRC patients

• 3.1% with Lynch syndrome (97% with MSI-H/MMR-D)

• 7.0% with non-Lynch mutations

• 0.8% APC or biallelic MUTYH mutations

• 1.0% BRCA1/2 mutations 

• 0.4% with other high-penetrance mutations (PALB2, CDKN2A, TP53)

• 3.2% low-/moderate-penetrance gene mutations linked to CRC risk

• monoallelic MUTYH, APC*I1307K, and CHEK2

• 65% of  high-penetrance (non-Lynch) mutation carriers lacked clinical features of  their syndrome

• Neither age at diagnosis, family history of  CRC, nor personal history of  other cancer were significant 

predictors of  carrying non-Lynch mutation

Multi-gene germline testing – All colorectal cancer patients

Yurgelun MB, et al. J Clin Oncol 2017;35:1086-95.



• 336 individuals (32% of  cohort) with diagnosed 
with CRC prior to age 50

• 47 (14.0%) with ≥1 pathogenic germline variant

• 21 (6.3% of  early-onset) Lynch syndrome

• 5 (1.5%) polyposis (APC or biallelic MUTYH)

• 5 (1.5%) BRCA1/2

• 5 (1.5%) ATM

• 290/336 (86%) with normal germline testing

• Ongoing efforts to examine BMI, tobacco, and 
other potential risk factors

Multi-gene germline testing – early-onset colorectal cancer patients

Yurgelun MB, et al. J Clin Oncol 2017;35:1086-95.

Characteristic N (%)

Male/Female 181 (54%) / 155 (46%)

Stage 0/I 31 (9%)

Stage II 64(19%)

Stage III 123 (37%)

Stage IV 117 (35%)

Right-sided CRC 100 (30%)

Left-sided CRC 119 (35%)

Rectal/rectosigmoid CRC 117 (35%)

Family history CRC (any 1st

degree relative)
40 (12%)

Family history CRC (multiple 1st

degree relatives)
5 (1.5%)



• Although universal tumor testing identifies almost all Lynch probands, multigene

germline testing identifies an additional 7% of  CRC patients with inherited cancer risk

• Most non-Lynch gene mutations have specific management recommended by NCCN guidelines

• Spectrum of  genetic factors in CRC more diverse than traditionally appreciated

• Classic high-risk features (age, family history) do not effectively identify patients with non-Lynch mutations

• Among early onset (age <50), 14% had pathogenic germline variants, almost half  of  which were non-

classic findings (non-Lynch, non-polyposis)

• Further studies needed to investigate other risk factors in early-onset CRC cases with negative germline

testing

Conclusions/Summary
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Obesity and risk of CRC
CUP, 2017 (WCRF-AICR)

Murphy et al, Nat Rev Gastroenterol Hepatol, 2018



• Ongoing prospective follow-up cohort study 

• Enrolled in 1989, 116,430 female nurses aged from 25 to 42 

• Lifestyle factors, medications, medical diagnoses were updated every 2 years; 
validated food frequency questionnaire (FFQ) every 4 years

Follow-up rates > 90% in each 2-year cycle for the cohort

Nurses’ Health Study II



Current BMI and risk of early-onset CRC
NHS II 1989-2011
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Current BMI and risk of CRC diagnosed after age 50
NHS II 1989-2011
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BMI at age 18 and risk of early-onset CRC
NHS II 1989-2011
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Weight change since 18 and risk of early-onset CRC
NHS II 1989-2011
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Hu et al, JAMA, 2003

Prolonged sedentary TV watching time increases risk of 
obesity and type 2 diabetes



Sedentary behaviors and 
all-cause and cancer-specific mortality

Patterson et al, Eur J Epidemiol., 2018



Dramatic increase in TV watching since 1965

Aguiar et al, The Quarterly Journal of Economics, 2007



Trends in sitting watching TV/video since 2001
NHANES 2001-2016

Yang et al, JAMA, 2019



Sitting watching TV/video and risk of early-onset CRC
NHSII 1991-2011
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Potential mechanisms linking prolonged sitting and early-
onset CRC

• Lower energy use, higher caloric intake, and less healthy diet

• Unbroken sitting in the absence of social or occupational cues
• Extends exposure to fecal carcinogens, such as secondary bile acids

• Impairs glucose homeostasis and decreases vitamin D levels

• Linked to gut dysbiosis and enrichment for cancer associated microbes

• Occurs in lieu of standing and other light activities that improve blood flow, muscle 
contraction, glucose regulation, and endothelial function



Summary

• Current obesity, obesity in early adulthood and weight change since early 
adulthood  are associated with increased risk of early-onset CRC

• Prolonged time spent sitting watching TV, is associated with increased risk 
of early-onset CRC

• Obesity and sedentary behaviors may contribute to the rising burden of 
early-onset CRC

• Validations are needed
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Diet, Microbiome, Immunity and Cancer Risk



Are you really what you eat?

Identify causal molecular and cellular mechanisms that links 

nutrition to health and disease states such as cancer



Obesity epidemic in the US

Modified from Center for Disease ControlSummary of data collected since 1980s



The link between obesity and cancer risk

NCI Obesity Fact Sheet



Paradigms for obesity-associated cancers

Obesity Cancer

A complicated problem with lots of variables and lack of 

causality in associations!

?

?
Diet

(?)



A High Fat Diet (HFD)-induced 
obesity augments spontaneous 
intestinal carcinoma incidence
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9-12 months long-term lard-based HFD Beyaz et al. Nature, 2016



Stem cells maintain the intestinal epithelium and are the cell of origin for 
intestinal tumors



A HFD-induced obesity leads to abnormal 
stem cell activity and increases cancer risk in 
the intestine

Beyaz et al. Nature, 2016

Tumor Tumor

• A causal mechanism that links HFD-induced obesity to intestinal cancer

• Targeting PPAR-d for the treatment of obesity associated cancers?

Pascual et al., Nature 2017, Chen et al., Nature Genetics 2018



A step back, a step forward…



Tumor

MHC-I

MHC-II

CD4
TCR

CD8

TCR

cytokines

cytotoxic 

molecules

cytotoxic 

molecules

cytokines

myeloid cells
B cells

Immune recognition mechanisms that contribute to 

anti-tumor immunity

Kreiter et al., Nature 2015

Hirschhorn-Cymerman et al., JEM 2012

Haabeth et al., Leukemia 2016

Tarafdar et al., Blood 2017

Tran et al., Science 2014

Spitzer et al., Cell 2017

Hung et al., JEM 1998

Janssen et al., Nature 2003



ISCs express high levels of MHC-II, which is significantly downregulated

upon HFD-induced obesity

Test whether dampening MHC-II on tumor-initiating cells increase risk of cancer?

Cerf-Bensussan et al., Journal of Immunology 1984 

Hershberg et al., PNAS 1997

Telega et al., Gastroenterology 2000

Biton et al., Cell 2018



MHC-II- APC-null stem cells give rise to increased numbers of 

tumors compared to MHC-II+ counterparts in vivo

*

Immune competent hosts



…but not in immune deficient hosts!



A HFD leads to reduced microbial diversity in the intestine

Ley et al. PNAS 2005, Schulz et al. Nature 2014



Germ-free mice exhibit reduced MHC-II expression in ISCs

Bacteria MHC-II expression

Cytokine signaling

PRR signaling



Tumor-initiating stem cell

MHC-II

TCR

immune cells

T

immune response

Control Diet High Fat Diet

T

immune cells

impaired immune recognition

Recognition of tumor cells by the immune system is an important 

mechanism in controlling intestinal tumorigenicity

Tumor

“Healthy” Microbiome

“Altered” Microbiome

Diet-induced alterations in intestinal microbiome regulate immune recognition 

mechanisms and tumor formation in the intestine 



Integrating modules influencing cancer risk



COMMON GENETIC RISK VARIANTS AND 
SUSCEPTIBILITY TO EARLY-ONSET COLORECTAL 
CANCER

Richard B. Hayes, DDS, PhD
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GECCO: Comprehensive CRC Risk Prediction to Inform Personalized 
Screening 

• Fred Hutchinson Cancer Research Center

• Kaiser Permanente Northern California

• NYU Langone Health
R01CA206279, R03CA215775



Polygenic risk score and recommended age to start CRC screening

The risk threshold to determine the age

for the first screening was set as the

average of 10-year CRC risks  for a

50-year-old man (1.25%) and

woman (0.68%) who have not previously

received an endoscopy

Huyghe JR et al., Nature Genetics, 2018



A Second Motivation to Reconsider Age to Start Screening

• Early-onset CRC projected to 
account for 10% to 25% of 
newly-diagnosed CRC in the 
U.S. by 2030

• Presents with:
• Higher pathologic grade
• Distant disease
• Greater incidence of recurrence 

and metastatic disease
• Tend toward more disease of 

the distal colon and rectum

253 Siegel, Rebecca L. et al. “Colorectal cancer statistics, 2014.” CA: a cancer journal for clinicians 64 2 (2014): 104-17.



Early-onset CRC, by Birth Cohort, United States, 1930-1990

Division Name or Footer254

Murphy CC et al., 

Gatroenterology, 2018



Division Name or Footer255

Objective

• Investigate CRC risks associated with a 95 SNP polygenic 

risk score (PRS) for participants of European ancestry by 

age (<50, >50) at CRC diagnosis

• Determine whether younger individuals are more 

susceptible to these risks



Discovery Dataset

• 50,023 CCR Cases and 58,039 Controls 

• Colon Cancer Family Registry (CCFR)

• Colorectal Transdisciplinary (CORECT) Study

• Genetics and Epidemiology of Colorectal Cancer Consortium (GECCO)

• 5,479 CRC and 6,718 Controls, <50 years of age

• Limited to European ancestry

• First-degree family history by self-report or interview-administered 
questionnaire

• Case-control, cohort and family-based studies

Division Name or Footer256



257

Relative Risk of CRC, by age and First-degree family 
history of CRC

(A) All participants

(B) Negative for a family history of CRC

(C) Positive for a family history of CRC 



Division Name or Footer258

Family History Negative

Relative Risk of CRC, by Disease Site



Replication Dataset

• 72,573 Kaiser Permanente Members participating in the Research Program on Genes, 
Environment and Health (RPGEH)

• Limited to European ancestry (genetically defined)

• Cohort linked to the KPNC cancer registry

• First-degree family history by self-report through questionnaire and medical records

• Cohort Analysis by Kaplan-Meier and Cox regression 

Division Name or Footer259





Further Considerations

• Combining the PRS with environmental/lifestyle risk factors

• 95 SNP PRS was not specific for young-onset CRC

• Assessment was for Europeans only

• We did not take into account Lynch and other rarer syndromes

Division Name or Footer261



Classic germline mutations and Early-Onset CRC
Ohio, 2013-16

Germline Mutations

Early-onset Cases MMR 
only

Other CRC None

Family History Positive (n=86)

N 27 6 53

% 31.4 7.0 61.6

Family History Negative (n=364)

N 10 29 325

% 2.7 7.8 89.3

Division Name or Footer262 Pearlman R. JAMA Oncol. 2017 Apr 1; 3(4): 464–471.

https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=27978560


• This is the first study to evaluate an individual’s cumulative 
genetic risk profile for common at-risk alleles and early-onset CRC

• PRS is more strongly associated with early-onset cancer than with 
late-onset cancer

263

Conclusions
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Research Program on Genes, Environment and Health (RPGEH), Kaiser Permanente Northern California (KPNC)

The french Association STudy Evaluating RISK for sporadic colorectal cancer (ASTERISK)

Alpha-Tocopherol, Beta Carotene Cancer Prevention Study (ATBC)

Colon Cancer Family Registry  (CCFR)

Hawai’i Colorectal Cancer Studies 2 & 3 (Colo2&3)

ColoCare Consortium (ColoCare)

Colorectal Cancer: Longitudinal Observational study on Nutritional and lifestyle factors that influence colorectal tumor recurrence, survival and 

quality of life (COLON)

Colorectal Cancer Study of Austria (CORSA)

American Cancer Society Cancer Prevention Study II nested case-control study (CPS-II)

Czech Republic Colorectal Cancer Study (Czech Republic CCS)

Darmkrebs: Chancen der Verhütung durch Screening (DACHS)

Diet, Activity, and Lifestyle Study (DALS3)

Early Detection Research Network (EDRN)

European Prospective Investigation into Cancer and Nutrition (EPIC)

The EPICOLON Consortium (EPICOLON)

Epidemiologische Studie zu Chancen der Verhütung, Früherkennung und optimierten Therapie chronischer Erkrankungen in der älteren Bevölkerung, 

Verlauf der diagnotischen Abklärung bei Krebspatienten (ESTHER-VERDI)

Columbus-area HNPCC study, Ohio Colorectal Cancer Prevention Initiative, and Ohio State University Medical Center (HNPCC, OCCPI, and OSUMC)

Health Professionals Follow-up Study (HPFS)

Kentucky Case-Control Study (Kentucky)

PopGen Biobank (Kiel)

Leeds Colorectal Cancer Study (LCCS)

Melbourne Collaborative Cohort Study (MCCS)

Multiethnic Cohort study (MEC)

Molecular Epidemiology of Colorectal Cancer Study (MECC)

Memorial Sloan Kettering Cancer Center Cohort (MSKCC)

North Carolina Colon Cancer Study-I (NCCCS I)

North Carolina Colon Cancer Study-II (NCCCS II)

Newfoundland Case-Control Study (NFCCR)

Nurses’ Health Study (NHS)

Nurses’ Health Study (NHS II)

The Northern Sweden Health and Disease Study (NSHDS)

Ontario Familial Colorectal Cancer Registry (OFCCR)

Physicians’ Health Study (PHS)

Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial (PLCO)

Postmenopausal Hormones Supplementary Study to the CCFR (PMH-CCFR)

Studies of Epidemiology and Risk Factors in Cancer Heredity (SEARCH)

Swedish Low-Risk Colorectal Cancer Study (SLRCCS)

Swedish Mammography Cohort and Cohort of Swedish Men (SMC and COSM)

The Spanish study (University Hospital of Bellvitge, Hospital of Leon) (Spain)

United Kingdom Biobank (UK Biobank)

Los Angeles County Cancer Surveillance Program (USC-HRT-CRC)

VITamins And Lifestyle (VITAL)

Women’s Health Initiative (WHI)

And all the participating studies…



Early life exposures and 
colorectal neoplasia 
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Why study early life exposures and CRC?



• CRC development can take several 
decades

• By focusing on exposures during 
adulthood  only, etiologically relevant 
time periods may have been missed

• The recent increase in EOCRC incidence 
(sporadic) support that early life factors 
may be involved in development of 
colorectal cancers

• Except for body fatness data on early life 
risk factors and colorectal neoplasia are 
limited



Previous Studies- Early Life Exposures 
and Colorectal Neoplasia (NHS 2)



Nurses’ Health Study 2 (NHS 2)

In 1998, 45,774 nurses completed a validated food frequency 
questionnaire to assess diet during high school (HS-FFQ) 



Previous findings in NHS 2 (HS-FFQ)
• Western dietary pattern during adolescence

• Derived using principal component analysis

• High intake of desserts and sweets, snack foods, red 
and processed meat, fries and refined grains

• Higher risk of rectal adenoma (adenomatous polyps)
• Q5 vs. Q1: OR 1.78, 95% CI 1.12-2.85, p-trend 0.005

• Higher risk of advanced/high risk adenoma
• Q5 vs. Q1: OR 1.58, 95% CI 1.07-2.33, p-trend 0.08

Nimptsch et al., Int J Cancer 2014



Physical activity during adolescence and adulthood and advanced 
colorectal adenoma (total all age-groups) in NHS 2 (Rezende et al. in 
press, under embargo, do not cite)



Recently funded NCI grant: EOCRN

• FOA (NCI): Exploratory Grants in Cancer 
Epidemiology and Genomics Research (R21)

• Principal investigators (MPI): Kana Wu and Shuji 
Ogino (Brigham and Women’s Hospital)

• Title: “Integrating diet, lifestyle and tumor tissue 
molecular subtyping to study the role of 
adolescent calcium intake on the risk of early onset 
colorectal neoplasia” (R21 CA230873)



Conclusions

Based on a limited number of studies, there is 
evidence that diet during adolescence may play a 
role in development of colorectal neoplasia 

(relevant for sporadic EOCRC ?)
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Statistics:
Digestive tract Cancer 
Long-Term Trends in SEER 
Incidence Rates, 1975-2015
<50y

http://seer.cancer.gov/statfacts/html/

Colorectal Cancer
Long-Term Trends in SEER 
Incidence Rates, 2000-2015
<50y

http://seer.cancer.gov/statfacts/html/


Early-Onset CRC across Europe:

The trend observed in Europe is not homogenous:

 Increased incidence in Western Europe

 Mixed trends in Middle Europe

 Stable trend in Mediterranean countries



 Current main areas of AYA  -
 Leukemia/Lymphoma, Sarcoma, Breast

 Lack of evidence for counselling for all young patients groups 
(relevance of ASCO or ESMO guidelines for FP)

 Registry of reproductive outcomes and cardiovascular morbidity

 Documenting the unmet needs 

 Unique environmental factors (microbiome, etc.)

 Efficacy and toxicity of anti-cancer treatment

The need for action - EOCRC:



Relevant issues for young-onset 
cancer patients

Treatment-induced 
Sequel:

Psychosocial unique 
unmet needs

Potential causation



• Reproductive/Sexual outcomes

• Cardiovascular morbidity

• Secondary cancers

Treatment-related toxicities



• The authors evaluated from the SEER-Medicare database patients with 
stage I-III CRC diagnosed at age > 65 years between 2000-2011 (n = 72,408) 
and compared these patients with a matched cohort of Medicare patients 
without cancer (n = 72,408).

• Median age at diagnosis of CRC was 78 years (66-106y), and median follow-
up was 8 years. 

• The 10-year cumulative incidence of new-onset CVD and CHF were 57.4% 
and 54.5% compared with 22% and 18% for control, respectively (P < .001). 

• The authors concluded that older patients with CRC are at increased 
risk of developing CVD and CHF.

Kenzik et al., JCO 2018

Chemotherapy-induced vascular toxicity

No evidence regarding young patients… Can we detect the seed of evil?



Chemotherapy-induced secondary cancers



 Registry with Biobanking / Translational Research

 Quality of life issues

 Causation: Diet, Ethnicity 

 Long-term toxicities

 Future design of clinical trials

Young-Onset Colorectal Cancer Task Force (GITCG)



• Registry (prevalence + clinical data)
• Tissue sample storage

CRC patients <50

Female patients <43
Male patients <45

Curable disease –
• Non-metastatic
• Oligometastatic

Female patients >43
Male patients >45

• Fertility
• Cardiovascular
• QOL
• Microbiome
• Disease outcome
• Dietary Quest.

Survivorship– 10y:
Registry of morbidity

• Cardiovascular
• QOL
• Microbiome
• Disease outcome
• Dietary Quest.

Late – 5y:
Registry of morbidity
Pregnancies/ART
Disease outcome

Study
Protocol



Study design

Inclusion criteria: CRC, age<43y (F) <45 (M)

T0
Baseline

T1 T2 T3 T4

CHEMO

3m 6m 12m 18m
T5
24m

Early evaluation (0-2y)
• Clinical data
• Menstrual documentation
• Fertility biomarkers
• Vascular biomarkers
• QOL questionnaires (EORTC)
• Toxicity assessment
• Microbiome



Study design

Inclusion criteria: CRC, age<43y (F) <45 (M)

T0
Baseline

CHEMO

24m

Late evaluation (2-5y)
• Clinical data
• Menstrual documentation
• ART documentation
• Pregnancies
• CV performance/morbidity

36m 48m 60m



Study design 

Inclusion criteria: CRC, age<43y (F) <45 (M)

Survivorship (5-10y)
• Clinical data
• ART documentation
• Pregnancies
• CV performance/morbidity

T0
Baseline

CHEMO

5y 6y 7y 8y 9y 10y



Statistics:
Digestive tract Cancer 
Long-Term Trends in SEER Incidence Rates, 1975-2015
<50y

http://seer.cancer.gov/statfacts/html/

Hereditary background underlies 
~20% of young-onset CRC

Environmental Factors??

http://seer.cancer.gov/statfacts/html/


Potential interaction between microbiome and 
the immune system

Geva-Zatorsky et al.,  Cell 2017



Metabolic Profiling (blood)
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Immunologic profiling
- Cell/lineage frequencies, differentiation
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Genomic Profiling

Studying the functional 
potential of the microbiota

Plasma

Biopsy

Rectal Swab

Analysis

Geva-Zatorsky et al.,  Cell 2017



Status (4/2019)

 Protocol was approved for seed funding by GITCG  - EORTC

 Initial funding from the GITCG will be used for establishment 

of collaborative infrastructure – sited were determined

 The protocol is being finalized nowadays  - local sites



Pilot prospective study sites – Participating sites



Progress Depends on Collaboration

“To go fast, 
go alone.

To go far, 
go together.”

--African Proverb



European Study of Early-Onset Colorectal Cancer (EUREOC): 
A Collaborative Study of the Biology of Young Onset CRC 

JOSÉ PEREA GARCÍA
Surgery Department.  Fundación Jiménez Díaz University Hospital, Madrid. Spain. 

Cancer Group. Research Institute FJD. 



COLORECTAL CANCER RESEARCH TRASLATIONAL 

MULTICENTER GROUP



MSS

CHARACTERIZATION:

EOCRC

Comparative analysis of carcinogenetic pathways (LOCRC). 

Other approaches: Colon locations, etc

aCGH. Identification of possible EOCRC-related genes. 

. 



MSS

CHARACTERIZATION:

EOCRC

Comparative analysis of carcinogenetic pathways (LOCRC). 

Other approaches: Colon locations, etc

aCGH. Identification of possible EOCRC-related genes. 

. 



BRAF MUTATION

DUKES A y B

MALE

FAMILIAL

AGGREGATION

LS.

LS HISTOLOGY

MSI EOCRC

DUKES B

FEMALE

MSI LOCRC

DUKES A, B,C,D

BOTH GENDERS

FAMILIAL 

AGGREGATION

AND 

SPORADIC CRC

MSS EOCRC

DUKES B,C,D

SPORADIC CRC

MSS LOCRC

BOTH GENDERS

Perea J et al. J Mol Diagn, 2014

EOCRC vs LOCRC.   MSI/MSS



MSS

CHARACTERIZATION:

EOCRC

Comparative analysis of carcinogenetic pathways (LOCRC). 

Other approaches: Colon locations, etc

aCGH. Identification of possible EOCRC-related genes. 

. 



Comparative study between EOCRC and LOCRC (R-R; L-L; Rc-Rc)

Álvaro E. et al. Int J Mol Sci 2019





MSS

CHARACTERIZATION:

EOCRC

Comparative analysis of carcinogenetic pathways (LOCRC). 

Other approaches: Colon locations, etc

aCGH. Identification of possible EOCRC-related genes. 

. 



 Common CNVs and/or potentially group-specific:

p≤0,05

FDR≤0,09

Very frequent within EOCRC and very rare in LOCRC.

More frequent within EOCRC than in LOCRC.

More frequent within LOCRC than in LOCRC.

Arriba M et al. Mol Carcinogen, 2016

Gains Losses



- 20 EOCRC of the initial cohort with 16p13.12-p13.11 deletion

All of them with NOMO1 homozygous loss

EOCRC.   NOMO1 status

- 14 EOCRC of the initial cohort without 16p13.12-p13.11 deletion

All of them with NOMO1 homozygous loss

- 60 additional EOCRC
25 NOMO1 homozygous loss 
9 NOMO1 heterozygous loss

26 NOMO1 normal
______________________________________________________________

Total 59    (62.7%)  NOMO1 homozygous loss
9    (9.5%)    NOMO1 heterozygous loss

26    (27.6%) NOMO1 normal 

Perea J et al. Oncotarget 2017

> 90% MSS



16p13.11 REGION

EOCRC: n=94

•Homozygosis: 59 (62.7%)

•Heterozygosis: 9 (9.5%)

•Normals: 26 (27.6%)

LOCRC: n=67

•Homozygosis: 3 (4.5%)

•Heterozygosis: 9 (13.4%)

•Normals: 55 (82.1%)

PERYPHERAL BLOOD SAMPLES

Peripheral blood DNA: n=13 (9 somatic homozygotic deletion)

•Homozygosis: 0

•Heterozygosis: 0

•Normals: 13 (100%)

Perea J et al. Oncotarget 2017

TUMOR SAMPLES

Intermediate: Between 45 and 70 y/o. n=50

•Homozygosis: 5 (10%)

•Heterozygosis: 10 (20%)

•Normals: 35 (70%)



IN-VITRO STUDIES

GENERATION OF A KNOCKOUT CELLULAR LINE FOR NOMO THROUGH GENE EDITION TECHNIQUE CRISPR / CAS9



IN-VIVO STUDIES

GENERATION OF CONDITIONAL KNOCKOUT MICE



 Retrospective study of other populations:

- Validation sample (EOCRC).

- Colorectal polyps (<50 y/o).

- CRC sample without age-of-onset criterion.

- NOMO1 status in hepatic metastasis and local recurrence.

 Prospective study (EOCRC):

Liquid biopsy: EARLY DIAGNOSIS / RECURRENCE.

Epidemiological study: enviromental / Microbiome.

NEXT STEPS OVER NOMO1:  



SPANISH  PROSPECTIVE  STUDY



EUROPEAN  EOCRC STUDY (EUREOC)



WORLDWIDE COLLABORATIONS



 EOCRC: CRC diagnosed younger than 50 y/o (exclud. IBD)

 Clinical and familial data.

 Epidemilogical questionnaire.

TUMOR AND HEALTHY COLON TISSUE.

STOOL.

PERIPHERAL BLOOD SAMPLES (COMPLETE BLOOD AND PLASMA-SERUM).

SAMPLE COLLECTION 



 Demographic data.

 BMI

 Eating habits

 Other habits: alcohol, smoking and medicines

 Dental history and examination

 Physical activity

 Personal medical history

 Familial medical history

EOCRC QUESTIONNAIRE



AT THE TIME OF SURGERY: TUMORAL AND HEALTHY TISSUE. 
PERIPHERAL BLOOD SAMPLE. 

24-48h after surgery, peripheral blood sample (optional). 

At the end of the Chemotherapy treatment: SP (optional).

ANNUALLY: BLOOD SAMPLE. 
or

RECURRENCE: Tissue and blood sample.  

Rectal ADCA: Also, tissue (endoscopy?) and blood sample
before neoadjuvant treatment



 Samples collected and data so far:

59 EOCRC samples (Spain):

All clinical and familial data. Tumor and normal tissue.
Blood samples (germline and serum/plasma).
5 stool.

47% Rectal; 31% Right; 22% Left.

54 EOCRC samples (Italy)

EUREOC



 Whole exome sequencing.

APC - / No mutated cases within NGS

 Microbiome-MD2-Obesity and EOCRC.

Insuline resistance.

 Immunoresponse

SOME IMMEDIATE APPROACHES



SCREENING BASED STRATEGIES.

 Blood-based, circulating miRNA signature for the
diagnosis-prognosis of patients with EOCRC.

 Defining risk populations for EOCRC:

Obesity/MD2/Insuline resistance.

 Liquid biopsy: Early diagnosis and recurrence.

APPROACHES OVER EOCRC:  





ColoRectal Cancer in Adults of Young ONset
“CRAYON” Study

Steven Itzkowitz, MD, FACP, FACG, AGAF

Professor of Medicine and Oncological Sciences

Director, GI Fellowship Program
Icahn School of Medicine at Mount Sinai



CRAYON Study: Rationale

1. Rates of CRC are increasing among 20-49 yr olds
worldwide. Why??

2. Many retrospective studies being performed in USA and 
abroad.

3. Most experts call for PROSPECTIVE studies to be 
done. 

4. Some prospective studies already being performed 
(MSKCC, Spain/Europe)

5. Can CRAYON provide more detailed information 
related to risk factors/causation?



CRAYON Study: Purpose

1. To identify risk factors of Early Onset CRC

2. To use these factors to predict individuals <50 yrs

old who are at higher risk of having (current) or 

developing (future) CRC



CRAYON Study: Why in NYC?
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1. NYC GI community: a track record of collaboration

• C5 Coalition, NYCCO, NYSGE

2. Density of population conducive to collecting CRC 
cases and controls in a timely fashion 

• ~350 EO-CRC/year (source: NY State Cancer Registry)

3. Geographic proximity:

• Relatively shared environmental exposures

• Facilitates collaboration, specimen acquisition

• Enables patients to be captured even if they change institutions for care
F

facilitate collaboration, specimen acquisition, and 



CRAYON Study: History

October, 2017 NCCRT Summit – initial idea 
developed

May, 2018 DDW -
Imperiale/Itzkowitz

June, 2018 Identify group of interested 
site PIs

July 24, 2018 First Investigators Meeting

Aug 2018 – Feb 2019 Monthly Conference Calls

Mar 26, 2019 CRAYON Retreat 



CRAYON Retreat (Mar 26, 2019)

What questions could be answered by 

CRAYON?

What is the best study design?

 Discussion of cases; controls
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CRAYON Investigators
Institution Investigator Division/Dept

Mount Sinai Steven Itzkowitz
Lina Jandorf
Pascale White
Cristina Villagra
Sarah Miller
Jamilia Sly
Alec Levine

GI
TCI
GI
TCI
TCI
TCI
TCI

Columbia Benjamin Lebwohl GI

Weill Cornell Felice Schnoll-Sussman GI

MSKCC Robin Mendelsohn GI

NYU Peter Liang GI

Montefiore Parvathi Myer GI

Northwell Health Thomas Weber Surgery

Indiana University Thomas Imperiale GI



CRAYON Retreat: Outside Consultants

Consultant Institution Title

Christine Ambrosone Roswell Park Cancer Institute Chair, Cancer Prevention & 
Control

Margaret Du, ScD MSKCC Assistant Attending 
Epidemiologist

Richard Hayes, PhD
(unable to attend)

NYU Professor of Population Health & 
Environmental Medicine

Elizabeth Kantor, PhD MSKCC Assistant Attending 
Epidemiologist

David Ransohoff, MD Univ North Carolina Professor of Medicine; 
Clinical Prof of Epidemiology

Rebecca Siegel, MPH American Cancer Society Strategic Director, Surveillance 
Information Services

Ann Zauber, PhD MSKCC Member, Attending 
Biostatistician



What questions would you like to see answered 
by the CRAYON study?

• Is the increasing CRC incidence caused by established risk factors or 
something novel? What preventable factors exists for EOCRC?

• Is there a target Risk Ratio or Odds Ratio that would be clinically relevant in 
decision making, and could we reach it with better risk markers?

• Can we capture information regarding early life events, include in utero, 
early life, and young adult exposure?

• Can we create a registry of all colonoscopies for patients under 50, 
including both the reason for colonoscopy and the outcome of the 
colonoscopy?

• To what extent does our population of EOCRC patients have an unknown 
family history of genetic conditions, such as Lynch Syndrome, that 
contributes to the development of EOCRC? Can we better educate that sub-
population of their risk for EOCRC?



CRAYON: Study Design

• Prospective Case-Control Study

• Cases: individuals age 25-49 with newly diagnosed CRC. 

• Controls: individuals age 25-49 from two groups:

• Colonoscopy-Negative controls (CNC): Underwent 
colonoscopy for symptoms (change in BM, abd pain, minor 
bleeding) found to have no neoplasia.

• Waiting Room Controls: healthy individuals who are 
escorting patients for colonoscopy and/or colon cancer 
surgery. 

• ?Friend controls

• Cases:Controls 1:4 (2 CNC; 2 WRC)

• Eventual Sample size: 400 Cases: 1600 Controls. 



CRAYON: Phases of Investigation

Phase Purpose Institution Goal

Phase 1 Feasibility Study
(3/19-12/19)

Mount Sinai • Enroll 
cases/controls

• Willingness to
participate

Phase 2 Pilot Study
(10/19-12/20)

4-5 Sites • Expand to other 
sites

• Demonstrate 
collaboration

• Refine 
instruments/bio-
specimens

Phase 3 Main Study 
(Spring 2020 submission)

All Sites • Definitive study



CRAYON: Feasibility Study

• To be conducted at Mount Sinai (Funded: The Chemotherapy 
Foundation)

• Goal: Enroll 10 Cases and 40 Controls

• Conduct interviews to determine willingness to participate in a study 
that involves an extensive questionnaire, as well as biospecimen 
collection. 

• Interview Questions:
• Would you be willing to spend 1-2 hours for the initial interview?

• Would you be willing to complete annual follow-up surveys?

• We want to learn more about your early childhood experiences. Do you think 
your parents would be willing to participate? Would you be able to ask them?

• Would you be willing to provide a blood sample? Stool sample? Saliva sample? 
Baby teeth (if you/your parents have them)?

• [For Cases]: Would you be willing to share our flyer and potentially recruit 1-2 
friends or family members?



Next Steps
Work on Feasibility Study

 Prepare for Retreat #2 (Sept 2019)

 Develop sites for Pilot phase

 Explore funding sources for pilot projects
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CRAYON Study: Rationale

1. Rates of CRC are increasing among 20-49 yr olds
worldwide. Why??

2. Many retrospective studies being performed in USA and 
abroad.

3. Most experts call for PROSPECTIVE studies to be 
done. 

4. Some prospective studies already being performed 
(MSKCC, Spain/Europe)

5. Can CRAYON provide more detailed information 
related to risk factors/causation?



CRAYON Study: Purpose

1. To identify risk factors of Early Onset CRC

2. To use these factors to predict individuals <50 yrs

old who are at higher risk of having (current) or 

developing (future) CRC



CRAYON Study: Why in NYC?
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1. NYC GI community: a track record of collaboration

• C5 Coalition, NYCCO, NYSGE

2. Density of population conducive to collecting CRC 
cases and controls in a timely fashion 

• ~350 EO-CRC/year (source: NY State Cancer Registry)

3. Geographic proximity:

• Relatively shared environmental exposures

• Facilitates collaboration, specimen acquisition

• Enables patients to be captured even if they change institutions for care
F

facilitate collaboration, specimen acquisition, and 



CRAYON Study: History

October, 2017 NCCRT Summit – initial idea 
developed

May, 2018 DDW -
Imperiale/Itzkowitz

June, 2018 Identify group of interested 
site PIs

July 24, 2018 First Investigators Meeting

Aug 2018 – Feb 2019 Monthly Conference Calls

Mar 26, 2019 CRAYON Retreat 



CRAYON Retreat (Mar 26, 2019)

What questions could be answered by 

CRAYON?

What is the best study design?

 Discussion of cases; controls
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CRAYON Investigators
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Mount Sinai Steven Itzkowitz
Lina Jandorf
Pascale White
Cristina Villagra
Sarah Miller
Jamilia Sly
Alec Levine

GI
TCI
GI
TCI
TCI
TCI
TCI

Columbia Benjamin Lebwohl GI

Weill Cornell Felice Schnoll-Sussman GI

MSKCC Robin Mendelsohn GI

NYU Peter Liang GI

Montefiore Parvathi Myer GI

Northwell Health Thomas Weber Surgery

Indiana University Thomas Imperiale GI



CRAYON Retreat: Outside Consultants

Consultant Institution Title

Christine Ambrosone Roswell Park Cancer Institute Chair, Cancer Prevention & 
Control

Margaret Du, ScD MSKCC Assistant Attending 
Epidemiologist

Richard Hayes, PhD
(unable to attend)

NYU Professor of Population Health & 
Environmental Medicine

Elizabeth Kantor, PhD MSKCC Assistant Attending 
Epidemiologist

David Ransohoff, MD Univ North Carolina Professor of Medicine; 
Clinical Prof of Epidemiology

Rebecca Siegel, MPH American Cancer Society Strategic Director, Surveillance 
Information Services

Ann Zauber, PhD MSKCC Member, Attending 
Biostatistician



What questions would you like to see answered 
by the CRAYON study?

• Is the increasing CRC incidence caused by established risk factors or 
something novel? What preventable factors exists for EOCRC?

• Is there a target Risk Ratio or Odds Ratio that would be clinically relevant in 
decision making, and could we reach it with better risk markers?

• Can we capture information regarding early life events, include in utero, 
early life, and young adult exposure?

• Can we create a registry of all colonoscopies for patients under 50, 
including both the reason for colonoscopy and the outcome of the 
colonoscopy?

• To what extent does our population of EOCRC patients have an unknown 
family history of genetic conditions, such as Lynch Syndrome, that 
contributes to the development of EOCRC? Can we better educate that sub-
population of their risk for EOCRC?



CRAYON: Study Design

• Prospective Case-Control Study

• Cases: individuals age 25-49 with newly diagnosed CRC. 

• Controls: individuals age 25-49 from two groups:

• Colonoscopy-Negative controls (CNC): Underwent 
colonoscopy for symptoms (change in BM, abd pain, minor 
bleeding) found to have no neoplasia.

• Waiting Room Controls: healthy individuals who are 
escorting patients for colonoscopy and/or colon cancer 
surgery. 

• ?Friend controls

• Cases:Controls 1:4 (2 CNC; 2 WRC)

• Eventual Sample size: 400 Cases: 1600 Controls. 



CRAYON: Phases of Investigation

Phase Purpose Institution Goal

Phase 1 Feasibility Study
(3/19-12/19)

Mount Sinai • Enroll 
cases/controls

• Willingness to
participate

Phase 2 Pilot Study
(10/19-12/20)

4-5 Sites • Expand to other 
sites

• Demonstrate 
collaboration

• Refine 
instruments/bio-
specimens

Phase 3 Main Study 
(Spring 2020 submission)

All Sites • Definitive study



CRAYON: Feasibility Study

• To be conducted at Mount Sinai (Funded: The Chemotherapy 
Foundation)

• Goal: Enroll 10 Cases and 40 Controls

• Conduct interviews to determine willingness to participate in a study 
that involves an extensive questionnaire, as well as biospecimen 
collection. 

• Interview Questions:
• Would you be willing to spend 1-2 hours for the initial interview?

• Would you be willing to complete annual follow-up surveys?

• We want to learn more about your early childhood experiences. Do you think 
your parents would be willing to participate? Would you be able to ask them?

• Would you be willing to provide a blood sample? Stool sample? Saliva sample? 
Baby teeth (if you/your parents have them)?

• [For Cases]: Would you be willing to share our flyer and potentially recruit 1-2 
friends or family members?



Next Steps
Work on Feasibility Study

 Prepare for Retreat #2 (Sept 2019)

 Develop sites for Pilot phase

 Explore funding sources for pilot projects
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