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Funder Statement



This 63-year-old man presented with 6-
months of change in bowel habits and 
25-pound weight loss.  Colonoscopy 
demonstrated a circumferential rectal 
mass, with biopsy showing 
adenocarcinoma Imaging highlighted 
metastatic disease in the lungs, liver, 
and L2 vertebral body.  The tumor was 
RAS/RAF wild-type and showed 
proficient DNA mismatch repair 
status.  HER2 amplification was 
identified on circulating tumor DNA 
testing, which medical oncology asked 
us to confirm in the tissue.  HER2 
immunostain demonstrates areas of 
strong, basolateral-predominant 
staining and absent staining.  
Overall, 50% of the tumor was HER2-
overexpressing.  The patient was 
initially treated with FOLFOX, to which 
bevacizumab was added for the third 
cycle.  The tumor initially responded 
and the patient was transitioned to 
capecitabine/bevacizumab 
maintenance therapy.  The patient was 
switched to FOLFIRI + panitumumab
on disease progression.  The tumor 
progressed on this therapy, and the 
patient, now 16-months from initial 
diagnosis, was recently begun on 
trastuzumab and lapatinib.     



Key Reference

https://www.captodayonline.com/qa-column-0220/



• Scientific rationale
• Status of FDA approvals
• NCCN Guidelines – colon 
• Frequency of positivity/clinicopathologic correlates
• HERACLES and MyPathway trials
• DESTINY-CRC01 Trial
• Scoring Criteria
• NGS as a surrogate for overexpression/amplification
• NCCN Guidelines – all other tumor types
• What tissue to test 
• My approach
• Low HER2
• Reflex biomarker testing at the University of Iowa Hospitals and Clinics

Outline



HER2 
Signaling 
Cascade .
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• Trastuzumab (T): monoclonal antibody to HER2 extracellular subdomain IV
• T + lapatinib (HER2 and EGFR small molecule inhibitor) – HERACLES
• T + pertuzumab (monoclonal ab to HER2 extracellular subdomain II, which 

inhibits HER2/HER3 dimerization) – MyPathway
• T-deruxtecan (antibody drug conjugate; topoisomerase I inhibitor) – DESTINY
• T-emtansine (antibody drug conjugate; microtubule inhibitor; aka DM1) –

HERACLES B (T-emtansine + pertuzumab)

Anti-HER2 Therapeutics



HER2 
Activation 

Pan-Cancer
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FDA Approvals for Anti-HER2 Therapy

https://www.fda.gov/drugs/resources-information-approved-drugs/oncology-cancer-
hematologic-malignancies-approval-notifications#updates



NCCN 
Guidelines



NCCN 
Guidelines



NCCN 
Guidelines: 
Who to Test



NCCN Guidelines: How to Test



NCCN Guidelines: Treatment Algorithm for mCRC



• HER2 overexpression in CRC uncommon, though slightly more common 
in stage IV (2.2%; 29/1342) than stage II-III (1.3%; 25/1914) disease 

• HER2+ is more common in KRAS-wild-type (5%) than KRAS-mutant 
tumors (0-1%) and is probably also largely mutually exclusive of NRAS
and BRAF

• Because of this HER2+ is more common in the left colon
• HER2+ may confer resistance to anti-EGFR therapy 
• Acquired HER2+ has been reported in the setting of acquired cetuximab

resistance 

Frequency of Positivity/Clinicopathologic Correlates 

PMIDs: 26690310, 26449765, 30952821



• HERACLES (HER2 Amplification for Colorectal Cancer Enhanced Stratification) (2016)
• Phase II trial enrolling 27 KRAS-wild-type, HER2+ patients for treatment with trastuzumab/lapatinib
• ORR 30% (n=8); 1 complete response, 7 partial responses, 12 stable disease
• HERACLES Diagnostic Criteria
• Central testing 

• MyPathway (2019)
• Phase II multiple basket trial for targeted HER2, BRAF, EGFR, or hedgehog signaling tx
• 57 HER2+ patients enrolled regardless of KRAS status for treatment with trastuzumab/pertuzumab
• ORR 32% (n=18); 1 complete response, 17 partial responses, 7 stable disease
• Broad inclusion criteria

• HER2 IHC 3+ in >10% of cells
• HER2:CEP17 ≥2.0 or HER2 count >6 per cell in 20 intact tumor cells showing highest count
• Increased HER2 gene copy number by molecular methods
• HER2 activating mutations (exon 20 insertions, deletions around aa 755-759, G309A, G309E, S310F, D769H, 

D769Y, V777L, P780-Y781insGSP, V842L, R896C, activating mutations reported in COSMIC)
• Local testing 

Phase II Clinical Trials of Anti-HER2 Therapy in mCRC

DOI:https://doi.org/10.1016/S1470-2045(16)00150-9; DOI: 10.1016/S1470-2045(18)30904-5 



• DESTINY-CRC01 (2021)
• Phase II trial enrolling 78 RAS/RAF-wild-type, HER2-expressing patients for 

treatment with trastuzumab deruxtecan
• Cohort A (n=53): HER2 IHC 3+ or IHC2+/ISH+
• Cohort B (n=7): HER2 IHC 2+/ISH-
• Cohort C (n=18): HER2 IHC 1+

• Cohort A ORR 45.3% (n=26); 1 complete response, 23 partial responses, 20 
stable disease

• Cohorts B and C had no objective responses
• CAP/ASCP/ASCO 2016 GEA Criteria 
• Central testing 

Phase II Clinical Trials of Anti-HER2 Therapy in mCRC

DOI:https://doi.org/10.1016/S1470-2045(21)00086-3



HER2 IHC Result CAP/ASCP/ASCO GEA
Interpretation
(for resections)

Consequence HERACLES Diagnostic 
Criteria Interpretation

Consequence

No reactivity 
or membranous reactivity in <10% 

Negative (0) No further testing 
required; not eligible 
for therapy

Negative No further testing required; not 
eligible for therapy

Faint/barely perceptible reactivity in 
≥10%

Negative (1+) No further testing 
required; not eligible 
for therapy

Negative No further testing required; not 
eligible for therapy

Weak to moderate complete, 
basolateral, or lateral membranous 
reactivity in ≥10% but <50% 

Equivocal (2+) Perform ISH testing Negative No further testing required; not 
eligible for therapy

Weak to moderate complete, 
basolateral, or lateral membranous 
reactivity in ≥50% 

Equivocal (2+) Perform ISH testing Equivocal Mandatory IHC retesting to confirm 
staining in ≥50% of cells;
ISH testing required; eligible for 
therapy if ISH positive 

Strong complete, basolateral, or lateral 
membrane staining in 10-50%

Positive (3+) Eligible for therapy; no 
further testing required

Conditionally positive Mandatory IHC retesting to confirm 
staining in ≥10% of cells;
ISH testing required; eligible
for therapy if ISH positive

Strong complete, basolateral, or lateral 
membrane staining in >50%

Positive (3+) Eligible for therapy; no 
further testing required

Positive Eligible for therapy; no further 
testing required

CAP/ASCP/ASCO vs HERACLES IHC Criteria Ventana/ToGA/Ruschoff/Hoffman



CAP/ASCP/ASCO vs HERACLES ISH Criteria 

CAP/ASCP/ASCO HERACLES
• HER2:CEP17 ratio ≥2.0 in >10% of 

cells
• HER2 count >6 per cell in >10% of 

cells
(if HER2:CEP17 ratio is <2.0 and HER2 
count is 4-6, count another 20 cells)

HER2:CEP17 ratio ≥2.0 in ≥50% of cells



• Compared Ventana
Pathway (4B5) FDA-
approved kit to Dako
A0485 polyclonal 
antibody to predict ISH 
positivity at the 50% 
ISH threshold

• Ventana assay most 
accurate at 50% IHC 
threshold, while Dako
assay most accurate at 
10% IHC threshold

50% Threshold for IHC-Positivity was Not a Slam Dunk 



NGS as a Surrogate for Overexpression/Amplification

• HER2 amplification in 2% of 
1300 CRCs analyzed by 
NGS

• Defined amplification as ≥6 
copies

• OncoPanel on Illumina 
HiSeq2500

• CN= (2*((AGCR-1)/P +2)
• Correlated IHC and NGS in 

15 amplified, 10 “low gain” (3-
5 copies), and 77 copy 
neutral cases

• HER2 IHC: SP3 on Dako
Autostainer; H-score reported 



Correlation of NGS/IHC (H-Score & HERACLES “Calls”)



• Head and Neck: Salivary duct carcinoma highly expressing and responsive 
• Hepatobiliary: Overexpressed in 15% of extrahepatic cholangiocarcinomas and 

gallbladder carcinomas and demonstrated response in retrospective series
• Non-Small Cell Lung Cancer: Recommends T-DM1 in HER2-mutant tumors (2%)
• Pancreas: Recommends NGS in locally advanced/metastatic tumors to identify 

actionable fusions (ALK, NRG1, NTRK, ROS1) and mutations (BRAF, BRCA1/2, 
HER2, KRAS, PALB2) and testing for dMMR/MSI-H  

• Small Bowel: Cites more frequent HER2+, dMMR/MSI-H, PD-L1+, & TMB vs CRC
• Uterine Neoplasms: HER2 IHC with reflex to FISH for equivocals is 

recommended for advanced serous endometrial cancer (30%+); 
carboplatin/paclitaxel/trastuzumab is preferred therapy 

HER2 in NCCN Guidelines - Non-Breast/GEA/CRC



HER2 Testing in Salivary Duct Carcinoma and 
Uterine Serous Carcinoma

Fader Criteria: >30% strong complete or basolateral/lateral 
staining; HER2/CEP17 ≥ 2.0 

NCCN Guideline 
references 2018 
ASCO/CAP Breast Criteria



What Tissue to Test (Primary vs Metastasis)

• Valtorta (HERACLES validation 
study): 100% concordance in 
matched primary-metastatic pairs 
assessed by Pathway and ISH 
(4/47 3+ and amplified)

• Shimada et al (PMID: 28235632): 
44/45 matched primary-
metastatic pairs IHC concordant 
(positive in 3, negative in 41, 
positive in primary-negative in 
metastasis in 1) 

100% concordance for KRAS/NRAS/BRAF in 69 
matched primary-metastatic pairs



• At present, I report the intensity (0-3+, based on the magnification rule) and extent 
(0-100%) of lateral membrane, basolateral, or complete membrane staining.  I 
reflexively FISH cases at the “2+, ≥10%” IHC staining threshold.  

• To satisfy CAP requirements regarding predictive marker reporting (ANP.22969), I 
composed the following templated language for HER2 IHC:

HER2 immunohistochemistry is performed on formalin-fixed, paraffin-embedded tissue sections from non-breast/non-gastroesophageal carcinoma tissue using the rabbit 
monoclonal antibody SP3 and a polymer-based detection system.

There are no uniformly agreed on criteria in these tumor types.  Recent clinical trials of anti-HER2 therapy have employed different selection criteria.  Anti-HER2 therapy is 
currently only FDA-approved in breast and gastric/gastroesophageal junction carcinomas.

MyPathway is a multiple basket trial that has enrolled patients with diverse solid tumors for dual anti-HER2 therapy based on HER2-activiation detected by IHC, ISH, or NGS.  
IHC criteria were borrowed from breast, with the caveat that lateral membrane and basolateral staining were also considered. There are no separate biopsy criteria:  

Score 0: No staining or membrane staining in <10% of tumor cells

Score 1+: Membrane staining in ≥10% of tumor cells of faint/barely perceptible intensity

Score 2+: Complete, basolateral, or lateral membrane staining in ≥10% of tumor cells of weak to moderate intensity

Score 3+: Complete, basolateral, or lateral membrane staining in ≥10% of tumor cells of strong intensity 

Reference: Hainsworth JD, Meric-Bernstam F, Swanton C, Hurwitz H, Spigel DR, Sweeney C, et al. Targeted Therapy for Advanced Solid Tumors on the Basis of Molecular 
Profiles: Results From MyPathway, an Open-Label, Phase IIa Multiple Basket Study. Journal of clinical oncology : official journal of the American Society of Clinical Oncology. 
2018;36(6):536-42.

My Approach to Non-Breast/Non-GEJ Adenocarcinoma



Low HER2: 
HER2 1+, 
HER2 2+/ISH-

DOI https://doi.org/10.1200/JCO.19.02318

≥90% 
agreement on 
37% of 170 
cases



GI Reflex Biomarker Testing at UIHC

• We recently considered 
reflex HER2 IHC in mCRC, 
but held back based on 
low frequency of 
positivity and difficulty 
for pathologist in 
identifying metastatic 
cases

• Local solutions based on 
multidisciplinary 
discussion



• Precision oncology is increasingly focused on low-incidence but highly clinically actionable 
pan-cancer targets

• HER2 is broadly activated in cancer, though much less so in colon cancer (2%) than in 
breast, GEA, salivary duct carcinoma, and uterine serous carcinoma

• NCCN Guidelines are dynamic and have outpaced FDA-approvals
• The first positive phase II anti-HER2 trial in CRC (HERACLES) defined IHC and ISH-

positivity at an unprecedented 50% threshold; subsequent positive clinical trials in CRC 
have used a more permissive 10% threshold and/or molecular methods

• NGS is a promising tool but must be validated
• In non-breast/non-GEA adenocarcinoma, I test best available tumor (metastatic or primary), 

report intensity and extent of staining, and interpret based on 
MyPathway/CAP/ASCP/ASCO GEA resection criteria (unless explicitly told otherwise)

• Given low rate of positivity, we have not gone to reflexive HER2 testing in CRC

Summary/Take Home Points



Thank you
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