






ACS Cancer Facts and Figures; 2019 
CRC ranks 4th in incidence behind 

lung, breast and prostate 



ACS Cancer Facts and Figures; 2018 

CRC ranks 2nd in mortality 
among all cancers 



American Cancer Society: Colorectal Cancer Facts and Figures 2017-2019 



CA Cancer J Clin 2017 



Siegel R. et al.  
CA Cancer J Clin 2017 

Highest in: 
 men 
 alaskan natives (? low #’s) 
 non-hispanic black 
 
Lowest in: 
 Asian / Pacific Islander 



Zhang et al Eur J Cancer Prevention 2012 





Fuchs et al. 
N Engl J Med 1994 



Taylor et al. 
Gastroenterology 2010 
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Sporadic (65%–80%) 

Family 
history 
(10%–30%) 
 

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

Lynch Syndrome (2-3%) 
Hereditary nonpolyposis 

colorectal cancer (HNPCC) Familial adenomatous 
polyposis (FAP) (<1%) 

Polyposis 
syndromes 

(<0.1%) 



Syndrome Genes features 

Lynch Syndrome 
(HNPCC) 

MLH1, MSH2, MSH6, PMS2 
EPCAM 

Often right sided and poorly differentiated with 
lymphocytic infiltrate; Defective DNA repair and 
MSI; Favorable prognostic marker for stage II 
colon; unfavorable for stage IV but highly 
susceptible to PD-1  targeted immunotherapy 

Familial Adenomatous Polyposis 
(FAP) 

APC Thousands of polyps (unless attenuated FAP); 
Desmoids, osteomas, gastric and duodenal 
adenomas 

MUTYH-associated neoplasia MUTYH Duodenal polyposis 

Juvenile polyposis SMAD4, BPMR1A Hereditary hemorrhagic telangiectasia 

Peutz-Jeghers  STK11 Hamartomas throughout GI tract 

Other… CHK2, tP53, 



Table adapted from Brenner H. and Chen C. Brit J Cancer 2018 

Factor   ref.      # studies / patients  metric      hazard ratio 



Table adapted from Brenner H. and Chen C. Brit J Cancer 2018 

Factor   ref.            # studies / patients  metric       hazard ratio 



• Early detection 
• Fecal occult blood test (FOBT) or fecal 

immunochemical test (FIT) q year 
• Multi-target stool DNA test 

(Cologuard) q 3 years 
 

• Early detection and prevention 
• Colonoscopy q 10 years 
• Flexible sigmoidoscopy q 5 years 
• CT colonography (“virtual 

colonoscopy”) q 5 years 

Wolf et al. CA: Cancer  J Clin 2018 



Wolf et al. CA: Cancer  J Clin 2018 



Wolf et al. CA: Cancer  J Clin 2018 



Peterse et al. 
 Cancer 2018 



62.4% 

Cancer Screening Test Use – United States, 2015  
Morbidity and Mortality Weekly Report 





2000 2005 2008 2009 2010 

    Capecitabine 
 Oxaliplatin  

Cetuximab 

Panitumumab 
Targeted 
therapies 

Bevacizumab 

2000 2005 2008 2009 2010 

    Capecitabine 
 Oxaliplatin  

Cetuximab 

Irinotecan 

5-FU 

Panitumumab 
Targeted 
therapies 

Bevacizumab 

Ziv-aflibercept 
Regorafenib 

2015 

Ramicurumab 
TAS-102 (Lonsurf) 

Pembrolizumab / Nivolumab Immunotherapy for MSI  

FDA Approvals in Advanced Colon Cancer 

#1 

#2 

#1 
#3 

#4 

#4 

#5 

#5 

#5 
#6 

#7 
#8 



Moertel C. et al. NEJM 1990 



Moertel C. et al. NEJM 1990       Haller D. et al. JCO 2005 

Intergroup 0089 



Cassidy J. et al. JCO 2008 



Treatment duration: 3 vs 6 mos 

Stage III  
Colon  

Cancer  
Patients 

R 

3 months 

6 months 

FOLFOX or CAPOX 

Total planned accrual ≥ 10,500 

1:1 

Pre-planned secondary analysis 
by regimen and T/N stage  
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6 Months 
3 Months 
Duration 

6424 5446 4464 3000 1609 826 321 
6410 5530 4477 3065 1679 873 334 

Treatment Duration: 3 versus 6 months  

N Patients 
At risk 





Anti-PD1 or  
anti-PD-L1 



 

FDA approved indications 

MSI 
CRC 

Reprinted by permission from Macmillan Publishers Ltd: Nature, Lawrence MS, Stojanov P, Polak P, 
et al. Mutational heterogeneity in cancer and the search for new cancer genes. Nature. 
2013;499(7457):214-218. doi:10.1038/nature12213. copyright 2013. 



• MicroSatellite Instability (MSI) is due to deficient mismatch repair 
 

• MSI can be result of: 
• Germline mutations (Lynch Syndrome)   ~1/3 of CRC MSI 
• Epigenetic silencing (MLH1 hypermethylation)  ~2/3 of CRC MSI 
• Sporadic mutations (MLH1, MSH2, MSH6, PMS2)  < 5% of CRC MSI 

 
• Mismatch repair deficiency can be detected by: 

• MSI assay (PCR of micro-satellite repeats) 
• Immunohistochemistry  (IHC) for mismatch repair proteins  
• Gene sequencing of mismatch repair genes 
• Next Generation Sequencing (NGS) to detect microsatellite repeats 

 



Presented By Luis Diaz at 2018 ASCO-SITC Clinical Immuno-Oncology Symposium 



MSI as a Predictive Biomarker: Response 
to immunotherapy (KEYNOTE-016 Study) 

• Pembrolizumab 10 mg/kg every 2 weeks 
• Primary endpoint: response rate and immune related 20 week PFS rate 
• Mismatch repair testing using standard PCR-based test for MSI 

MSI 
Colorectal Cancers 

N = 28 

MSS 
Colorectal Cancers 

N = 25 

MSI 
Non-Colorectal Cancers 

N = 58 

Le et al. Science 2017 



Objective Response Rates 
1Colorectal 

MSI-H 
N = 28 

2Colorectal 
MSS 

N = 25 

1Non-CRC 
MSI-H 
N = 58 

Objective response rate 57% 0% 55% 

Complete response rate 11% 0% 21% 

Disease control rate 89% 16% 80% 

Le et al. Science 2017; Le et al. NEJM 2015 



From Mismatch-repair deficiency predicts response of solid tumors to PD-1 
blockade, Le D., et al., 2017. Reprinted with permission from AAAS. 









Stage II/III 

observation

Sargent et al. JCO 2010 

MSI 

MSS 



5-FU was inferior to observation in MSI tumors 

5-FU of no benefit in MSS stage II patients  
 

MSI stage II 

MSS stage II 

Sargent et al. JCO 2010 



After 2 months 





• Colorectal cancer up to 82% 

• Uterine cancer 40-70% 

• Stomach cancer up to 13% 

• Ovarian cancer 10-12% 

Frequent colonoscopy in non-randomized 
trial 

• Colorectal cancer rate reduced 56% 
(18% vs. 41%) 

• Death rate reduced 65% (9% vs. 26%) 

Gruber et al. Gastroenterology 2006 Jarvinen et al., Gastroenterology 2000 



Gene % (95% Confidence Interval) 1 in (95% Confidence Interval) 

MLH1 0.051 (0.039-0.068) 1,946 (1,480-2,564) 

MSH2 0.035 (0.026-0.048) 2,841 (2,101-3,846) 

MSH6 0.132 (0.089-0.196) 758 (509-1,126) 

PMS2 0.140 (0.094-0.208) 714 (480-1,062) 

Any MMR gene 0.359 (0.248-0.520) 279 (192-403) 

Win et al. Cancer Epidemiology, Biomarkers and Prevention, 2017 

BRCA1 or BRCA2 0.25 400 



 Kopetz, ASCO 2017 
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ARM 1: 
Cetuximab +  

Irinotecan 

ARM 2: 
Vemurafenib + 

Cetuximab +  
Irinotecan 

Cross-over 
upon 

Progression 

Vemurafenib 960mg PO bid 
Cetuximab 500mg/m2 IV q2weeks 
Irinotecan 180mg/m2 IV q2weeks 

Metastatic 
CRC  

Measurable 
disease 

BRAF V600E 
mutation 



      N.    Events. Median 95% Conf Int 
Cetuximab + Irinotecan  50 48 2.0 mos (1.8 – 2.1) 
    
Vemurafenib + Cetuximab    49 40 4.3 mos (3.6 – 5.7) 
      + Irinotecan 

HR = 0.48       (95% CI 0.31 – 0.75) 
P = 0.001 

0 3 6 8 10 12 14 
Months after randomization 

80% 

100% 

60% 

40% 

20% 

0% 



Cetuximab + 
Irinotecan 

(n=47)a 

Vemurafenib 
+ Cetuximab + 

Irinotecan 
(n=44)a 

P-valuec 

Partial 
responseb 4% 16% 

P=0.001 Stable 
disease 17% 50% 

Progressionc 66% 18% 
Disease  
Control                  22%                 67% 
Rate 
a93 patients had measurable disease; bConfirmed and unconfirmed; PR for patients previously 
treated with irinotecan was 0% and 18%, respectively; cIncluding symptomatic deterioration; c Chi-
squared 
 

Vemurafenib + Cetuximab + Irinotecan 

Cetuximab + Irinotecan 



100% 

20% 

-100% 

0% 

-30% 

Crossover 
(n=24)a 

Partial response 17% 
Stable disease 55% 

Disease control 
rate 72% 

a2 patients did not progress prior to crossover; 4 did not have 
measurable disease; these patients are excluded from response 
rates 

48% of patients on control arm crossed over to vemurafenib arm 



Huijberts et al. ESMO Sept 2017 

EGFR 

RAS 

BRAF 

MEK 

AKT 

mTOR 



Too ill for irinotecan 
CA19-9 > 1,200,000 

Vemurafenib (BRAF i) 
Cobimetinib (MEK i) 
Cetuximab (anti-EGFR) 

#2  73 yo man with 
BRAF mutated 

metastatic colon cancer 



 
PS 0 

PR at 2 mos 
Sustained … 

8 months 

CA19-9 > 1,200,000 CA19-9: 459 



Meric-Bernstam et al. Lancet Oncol 2019 



Meric-Bernstam et al. Lancet Oncol 2019 

Waterfall Plot of Her2 amplified 
colon cancer treated with 

trastuzumab and pertuzumab 



Meric-Bernstam et al. Lancet Oncol 2019 

Swimmers Plot of Her2 amplified 
colon cancer treated with 

trastuzumab and pertuzumab 



 Raghav, ASCO 2018 
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ARM 1: 
Cetuximab +  

Irinotecan 

ARM 2: 
Trastuzumab + 

Pertuzumab 

Cross-over 
upon 

Progression 

s 

Her 2 (+) 
Metastatic 

CRC  
2nd or 3rd line 
Measurable 

disease 
RAS/RAF wt 
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