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Some random facts about Vancouver…. to start those 

conversations during the second half of the week



Personalized Medicine – we can’t escape it



Genetics in Medicine. advance online publication 4 January 2018. doi:10.1038/gim.2017.217

Portrayal of Personalized Medicine in the popular press lacks a 

balanced and nuanced framing





..and it is just the beginning of the personalized medicine tidal 

wave

cancer.ca

While basket studies are gaining momentum, 

failures remind us that shifting from a biology 

agnostic (histology-driven) approach to a histology-

agnostic approach is unlikely to be a failure-free 

strategy for a number of tumor types
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The tidal wave of molecular specific requests is coming our way –

how do we prepare
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Molecular evaluation of colorectal cancer

Arch Pathol Lab Med 2017 2017 May;141(5):625-657.

Joint effort by CAP, ASCP, AMP, ASCO to establish guidelines 

for molecular evaluation of colorectal cancer.

Guideline Statements:

• Members of the patient’s clinical 

team, including pathologists, may 

initiate molecular testing 

• Reports should include a results 

and interpretation section readily 

understandable by oncologists and 

pathologists



Predictive biomarkers in gastrointestinal tract tumours – focusing 

on IHC

Biomarker Established use1 ‘Off-label’ use

Her2 (ERBB2) Stomach

Esophagus

Colon

Small bowel adenocarcinoma

Cholangiocarcinoma

PDAC

MMR/PDL-1 Colon

Gastric

Small bowel adenocarcinoma

Esophageal adenocarcinoma

PDAC/Ampullary

BRAFV600E Colon Small bowel adenocarcinoma

Cholangiocarcinoma

Gastric adenocarcinoma

ROS1 - Colon

Small bowel adenocarcinoma

Cholangiocarcinoma

Gastric adenocarcinoma

PDAC

1 For the purpose of this presentation ‘established’ was 

defined as the biomarkers that have a CAP template.



Disclosure – more important than the first

I reviewed selected publications only and I apologize in 

advance for missing key papers…….

If there are any glaring mistakes I am happy to blame my 

residents Drs. Basile Tessier Cloutier and Daniel Owen 

who kindly helped with some of the literature search.



Her2 (ERBB2)



Her2 (ERBB2) amplification in CRC

• Detected in approximately 2-4% of unselected CRC1,2,3

• Probably exclusively (or almost exclusively) occurs in MSS CRC3

• Appears to occur almost exclusively in RAS-wild type CRC4,5,6,7,9

• No correlation with type, localization, grade, p stage or 

survival1

• Correlates with resistance to EGFR-directed therapy in CRC5,7,8

1. Marx AH et al. Hum Pathol 41(11): 1577-85.

2. Ooi A et al. Mod Pathol 17(8): 895–904.

3. Cancer Genome Atlas Network. 2012. Nature 487(7407): 330-7.

4. Bertotti A, et al. Cancer Discov 1(6): 508-23.

5. Yonesaka K, et al. Sci Transl Med 3(99): 99ra86.

6. Sartore-Bianchi A, et al. Lancet Oncol 17(6): 738-746.

7. Jeong JH, et al. Clin Colorectal Cancer 16(3): e147-e152.

8. Martin V, et al. Br J Cancer 108(3): 668-75.

9. Valtorta E, et al. Mod Pathol 28(11): 1481-91.



Her2 (ERBB2) amplification in CRC – HERACLES trial

• Detected ERBB2 amplification in 5% of KRAS wild type CRC that was 

resistant to standard therapy (including chemotherapy and EGFR-directed 

therapy)

• ERBB2-amplified cases treated with trastuzumab and lapatinib:

• 30% partial or complete response

• 30% disease stabilization lasting 16 or more weeks

• HERACLES results regarded as promising:

• Compare the 30% partial or complete response to trastuzumab+lapatinib with up to 4% 

objective response rate seen in 3rd line therapy with regorafenib

• Multiple potential mechanisms of resistance to HER2-directed therapy but 

none yet proven in CRC:

• Heterogeneity of ERBB2-amplification; activating PIK3CA mutation; decreased 

expression of PTEN; increased expression of MUC1 or MET



Her2 (ERBB2) amplification in CRC - HERACLES Diagnostic 

criteria



Should one test all CRC for Her2 (ERBB2) amplification?

• No definitive answer to this question is published

• ERBB2 amplification testing will be necessary to select 
patients most likely to benefit from HER2-directed therapy

• Current CAP guidelines do not recommend ERBB2
amplification testing for the purpose of selecting patients who 
may be eligible for EGFR-directed therapy

Personal Opinion: Select cases could presently be tested under 

specific circumstances.

• MSS, KRAS and BRAF wild-type advanced CRC

• Well established lines of therapy ineffective (including but 

not limited to chemotherapy and EGFR-directed therapy)

• Patient has the potential to receive trastuzumab and 

lapatinib (e.g. via special funding or clinical trial)



Her2 (ERBB2) amplification in extracolonic sites

Site Rate

PDAC 2-7%

Small bowel adenocarcinoma 2-3%

Biliary tract adenocarcinoma 1-9%

• No RTC looked at HER2 inhibitors in 

HER2 amplified tumours outside of 

colon, stomach, and esophagus

• Only anecdotal report of response in 

small bowel cancer

• RTC in PDAC, without HER2 

amplification status, failed to show 

significant response.



Mismatch repair (MMR) deficiency



Mismatch repair (MMR) deficiency in extracolonic sites

Site Rate

PDAC 6-15%

Small bowel adenocarcinoma 13-35%

Biliary tract adenocarcinoma 1-8%

Gastric cancer 5-11%

Esophageal adenocarcinoma 0-7%

• FDA approved pembrolizumab (PD-1 inhibitor) in 

unresectable/metastatic MSI-H or dMMR tumors agnostic 

of site.

• The predictive role of dMMR was never tested 

prospectively in extracolonic GI cancers



Mismatch repair (MMR) deficiency in extracolonic sites



Mismatch repair (MMR) deficiency – Gastric cancer

We verified that the frequency of MSI was similar in familial and sporadic GC 

settings, demonstrating that this molecular phenotype is not a

hallmark of familial GC in contrast to what is verified in HNPCC. 

Moreover, we observed that the frequency of MLH1 hypermethylation is similar in 

sporadic and familial cases suggesting that in both settings MSI is not associated 

to MMR genetic alterations but in contrast to epigenetic deregulation.



What about PDL-1 then…….

Drug Target Vendor

Nivolumab PD-1 Bristol Myers Squibb

Pembrolizumab PD-1 Merck

Durvalumab PD-L1 Astra Zeneca

Atezolizumab PD-L1 Roche

Melanoma Non-Small Cell Lung Cancer



PDL-1 outside the colon?

Combined Positive Score (CPS)

CPS �
Number	of	���	PD � L1	staining	cells	

Total	number	of	tumor	cells

PD-L1 immunohistochemistry has most recently been advocated to 

select patients with upper GI tract carcinoma (gastric/esophagus) 

for anti-PD1 therapy.



Heterogeneity in PD-L1 biomarker tests

Drug Antibody Positive cut-off Cells-examined

Nivolumab 28-8 (Dako) n/a (?, 1%, 5%, 10%) Tumor cells

Pembrolizumab 22C3 (Dako) >50% Tumor cells

Durvalumab SP142 (Ventana) TC1/2/3 or IC 1/2/3 Tumor cells or immune cells

Atezolizumab SP263 (Ventana) 25% Tumor cells



Does PD-L1 expression even matter in the colon?



BRAFV600E



BRAFV600E mutation outside the colon

Site Rate

PDAC -

Small bowel adenocarcinoma 1.9%

Biliary tract adenocarcinoma 0-1.3%

Gastric cancer 0.1%

Esophageal adenocarcinoma -



BRAFV600E mutation outside the colon – ampullary carcinoma



ROS1 rearrangement



ROS1 rearrangement in gastrointestinal cancers



ROS1 rearrangement in gastrointestinal cancers

Site Rate

PDAC 0.2%

Colorectal adenocarcinoma 0-0.8%

Biliary tract adenocarcinoma 0-3.7%

Gastric cancer 0-2.6%

Esophageal adenocarcinoma 0-2%

• Contrary to lung 

adenocarcinoma the ROS1 

overexpression is not specific for 

the rearrangement in GC (3%) 

and cholangiocarcinoma (0%).

• No evidence of a predictive role 

to ROS1 in GIT cancers.



ROS1 rearrangement in gastrointestinal cancers

• ROS1 is extremely rare in GI malignancies, except in 

some biliary malignancies (0-3%).

• Lack of evidence supporting ROS1 as a predictive 

biomarker of response to crizotinib in GI 

malignancies.

• Currently there is no role for ROS1 IHC to predict 

response to crizotinib in GIT.



How to deal with molecular pathology results in daily surgical 

pathology practice…

Public Domain



How to deal with molecular pathology results in daily surgical 

pathology practice…

Offer evidence based recommendation on the predictive role of 
biomarkers.

Be mindful of the limitations of IHC.

Not every NGS/panel finding is easily translatable in protein 

expression.

While not wanting to be a barrier, sometimes a cautionary 

approach to requests by oncologist is prudent to ensure our 

patients are treated accurately. 



Summary

MMR:  Should we do reflex MMR IHC on all GIT cancer ?

• Early evidence for that, but in patients who failed previous  

treatment options, MMR testing should not be discouraged.

PDL-1: I’ll let you decide…..

ROS1:  The lack of ROS1 prospective data and its rare occurrence 

supports no predictive role for ROS1 IHC in GIT cancers.

BRAFV600E:  When/if previous lines of treatment fail, there is a potential 

predictive role of BRAFV600E IHC in ampullary carcinoma 

/cholangiocarcinoma based on anecdotal BRAF inhibitor 

response.

Her2 (ERBB2): Reasonable to look for Her2 (ERBB2) amplification using IHC or 

FISH in advanced MSS, KRAS/BRAF wild type tumors that 

progress on well established therapies, including EGFR-directed 

therapy.



Thank you!


