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Objectives:

After attending this activity, participants will 

be able to: 

• Appreciate the role that genetics plays in the therapy 

and pathogenesis of colorectal cancer including the 

latest therapy option

• Understand the concept of drug development in 

oncology, with a special emphasis on colorectal 

cancer

• Develop a basic understanding on screening, 

diagnosis, and management of colorectal cancer
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Risk Factors for Colorectal 

Cancer

• Aging

• Personal history of CRC or adenomas

• High-fat, low-fiber diet

• Inflammatory bowel disease

• Family history of CRC

• Hereditary colon cancer syndromes



TCGA Network. Nature 487, 330-337 (2012)



Three Genetic pathways to colorectal carcinoma. 

De Vita. Cancer principles & Practice of Oncology, 9th ed.
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Mismatch Repair (MMR) deficiency  

and Microsatellite Instability (MSI)

• MMR deficiency leads to 

MSI and high concordance 

rate noted

• Microsatellites are mono or 

dinucleotide repeats

• Single base pair 

insertion/deletion leads to 

instability : >1 (high), 1 (low)

• Right sided, poorly 

differentiated, lymphocyte 

infiltration, mucinous

• Better prognosis, lower rate 

of metastases



• Screening
• Familial CRC

• Diagnosis and Staging

• Treatment

Early stage - surgery

Intermediate stage - adjuvant chemotherapy

Advanced stage 

• Use of biomarkers in CRC: towards 

personalized medicine

• Drug Development at Montefiore Einstein



USPSTF website



USPSTF, JAMA 315: 2564, 2016

JNCCN 14:1033, 2016

Summary of Screening Options

*Guaiac fecal occult blood test

*Fecal immunochemical test
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• Drug Development for CRC at MECC



FAP HNPCC

Germline APC mutation

Autosomal Dominant

Penetrance 100%

> 100 adenomas

Rectosigmoid dominant

Risk of extracolonic tumors 
(upper GI, desmoid, osteoma, 

thyroid, brain, other)

Screen at age 10-12

Germline MMR mutation

Autosomal Dominant

Penetrance 60-80%

Impressive Family history

Proximal colon dominant

Extracolonic cancers:  
(endometrium, ovary, stomach, urinary tract, 

small bowel, bile ducts, sebaceous skin tumors)

Screen at age 20-25



Proposed algorithm for systematic evaluation for Lynch syndrome in patients with colorectal 
cancer 

Fay Kastrinos, and Sapna Syngal JCO 2012;30:1024-1027



Cancer Screening for Lynch 

affected patients

Task Force. Am J Gastro 
109:1159, 2014



Management of Lynch 

affected patients

Task Force. Am J Gastro 
109:1159, 2014



• Screening

• Familial CRC

• Diagnosis and Staging
• Treatment

Early stage - surgery

Intermediate stage - adjuvant chemotherapy

Advanced stage 

• Use of biomarkers in CRC: towards 

personalized medicine

• Drug Development for CRC at MECC



Diagnosis of CRC

“Tissue is the issue”

“No meat, no treat”

Core biopsy on endoscopy or 

metastatic site – lung or liver or LN

FNA from metastatic site



T - The extent of invasion of the intestinal wall
T0 - no evidence of tumor 

Tis- cancer in situ (intraepithelial or lamina propria) 

T1 - invades submucosa

T2 - invades muscularis propria

T3 - invades through the muscularis propria into pericolorectal tissues 

T4 - invasion completely through the wall of the colon 

T4a – penetrates visceral peritoneum

T4b - invades or adherent to surrounding organs

N - the extent of lymphatic node involvement
N0 – no lymph nodes involved 

N1 – 1-3 lymph nodes involved (N1a – 1 LN, N1b – 2-3 LN, N1c – mesentric tumor  
deposits)

N2  - > 4 lymph nodes involved (N2a – 4-6 LN, N2b – > 7 LN)

M - the extent of metastases
M0 - no metastasis 

M1 – metastases present (M1a: single organ,;M1b: >2 organs; T1c: peritoneal 
surface

Staging



Staging and Survival

(AJCC v 7)

Stage TNM 5 year 
survival

I T1,2   N0 M0 97%

IIa T3      N0 M0 88%

IIb T4a    N0 M0 80%

IIc T4b    N0 M0 58%

IIIa T1-2   N1 M0 85%

IIIb T3      N2 M0 65%

IIIc T4 or  N2 M0 30%

T4b     N1-2

IV T1- 4   N0-2M1 8%
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TREATMENT DEPENDS ON 

STAGE
• STAGE I COLON AND RECTUM – SURGERY ONLY

• STAGE II COLON– SURGERY WITH/WITHOUT  
CHEMOTHERAPY

• STAGE II RECTAL– SURGERY, RADIATION AND 
CHEMOTHERAPY

• STAGE III COLON– SURGERY WITH  
CHEMOTHERAPY 

• STAGE III RECTAL– SURGERY, RADIATION AND 
CHEMOTHERAPY

• STAGE IV COLON AND RECTUM –
CHEMOTHERAPY ONLY



Principles of Surgery

• Minimally invasive procedure is an option 

(laparoscopic colectomy)

• All involved lymph nodes to be removed

• Sample at least 12 nodes for complete 

staging (if < 12, consider therapy as stage III)

• For metastesectomy, of liver or lung, intent 

should be complete removal, debulking is of 

no benefit (including removal of primary 

tumor)



• Goal of adjuvant therapy is cure (delaying 

relapse is less important)

• Stage II colon cancer – prefer single agent 

therapy with 5-FU or capecitabine

• Stage III colon cancer – add oxaliplatin

• Stage II and III rectal cancer – add 

radiation

Principles of Adjuvant Therapy



Chemotherapy/Drug Names

(US FDA approved)
• 5-FU (5-Fluorouracil) – cytotoxic, stage II-IV CRC

• Oxaliplatin (Eloxatin) – cytotoxic, stage III-IV CRC 

• Irinotecan (Camptosar) – cytotoxic, stage IV CRC 

• Capecitabine (Xeloda) – 5-FU pro drug, cytotoxic, stage II-IV CRC

• Bevacizumab (Avastin) – mAb – VEGF, stage IV CRC 

• Cetuximab (Erbitux) – mAb – EGFR, stage IV Ras WT CRC 

• Panitumumab (Vectibix) – mAb – EGFR, stage IV Ras WT CRC 

• Aflibercept (Zaltrap) – fusion protein – VEGF, stage IV CRC 

• Ramucirumab (Cyramza) – mAb – VEGF, stage IV CRC 

• Regorafenib (Stivarga) – TKI – VEGF, stage IV CRC 

• Trifluridine and tipiracil (Lonsurf) – cytotoxic, stage IV CRC 

• Pembrolizumab (Keytruda) – anti PD-1, MSI high tumors/ stage IV CRC 

• Nivolumab (Opdivo) – anti PD-1, MSI high stage IV CRC 



Overall Survival for 

First-line Combination Regimens

5-FU/LV (Saltz)

5-FU/LV (Douillard)

5-FU/LV (de Gramont)

IFL (Goldberg)

IFL (Saltz)

FOLFIRI (Douillard)

FOLFOX (de Gramont)

FOLFOX (Goldberg)

IFL+ Avastin

FOLFOX/FOLFIRI + MoAbs

0 5 10 15 20 25

Median OS (months)

?



• Screening

• Familial CRC

• Diagnosis and Staging

• Treatment

Early stage - surgery

Intermediate stage - adjuvant chemotherapy

Advanced stage 

• Use of biomarkers in CRC: 
towards personalized 
medicine

• Drug Development for CRC at MECC



Why personalized 

medicine?

• Because everyone is talking about 
it!? and it is the “in” thing??



Why personalized 

medicine?

• Because everyone is talking about 
it!? and it is the “in” thing?? –
ABSOLUTELY NOT!

• “First do no harm”

• It is the right approach to patients

• Limit toxicity from intervention

• Reduce health care costs

(a staggering $ 3.4 trillion in 2016)



The EGF-MAPK-PI3K Pathway 

and anti EGFR agents

*

• Exclusivity for EGFR

• Prevent binding of EGF 
or TGF to EGFR and 
prevents tyrosine 
kinase activation

Cetuximab is IgG1, chimeric 

Panitumumab is IgG3, human

Tumors with Kras and Nras 
mutations do not respond to 
these drugs

Typical anti EGFR induced skin rash

or methylation



MSI as prognostic/predictive marker

Untreated patients

MSI better outcome

Treated patients

5-FU - worse outcome

Sargent DJ, J Clin Oncol 28:3219-26, 2010

Stage II, untreated
Stage II, MSI



Untreated patients

MSI better outcome

Treated patients

5-FU - worse outcome

Sargent DJ, J Clin Oncol 28:3219-26, 2010

Stage II, untreated
Stage II, MSI

Remember the Hippocratic oath:

First do no harm !!

MSI as prognostic/predictive marker



The dawn of immunotherapy:
Programmed Death Pathway 



Pembrolizumab 

is an anti PD1 

mAb

Immunotherapy 

in CRC

Le NEJM 372:2509, 2015



Reovirus growth in a Ras 

activated cell

Courtesy: Oncolytics

K-ras WT cell K-ras mutant cell



Gollamudi, Invest New Drugs 28:641-9, 2010 



Gollamudi, Invest New Drugs 28:641-9, 2010 



Maitra et al, Oncotarget, 2014



Goel et al. ESMO 2017
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