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Dear Panel Members, 

On behalf of Foundation Medicine, I respectfully request the NCCN® Rectal Cancer Guidelines Panel consider the requested 
updates below and enclosed references, pertaining to the evaluation and management of patients with advanced rectal 
cancer.    

Requested Update 1 and Rationale:  Add the evaluation of additional biomarkers, including tumor mutational burden 
(TMB),  as a recommendation to identify additional patients who are likely to benefit from targeted therapies, 
immunotherapies, or define/refine clinical trial options to the Principles of Pathologic Review section (REC-B 5 of 7). 

TMB: 

Data in multiple solid tumor types suggest that TMB is an important predictive biomarker of response to immunotherapies, 

and responses to checkpoint inhibitors have been reported in in both MSI-high/TMB-high and MS-stable/TMB-high 

colorectal cancers3–5, 23.   

• In one study the evaluation of TMB identified >99% of CRC patients with MSI-high tumors. However, assessing 

TMB simultaneously with MSI status can identify an additional population of patients with MS-stable but TMB-high 

tumors who are also likely to benefit from checkpoint inhibitors. This is predicted to lead to a 54% increase in the 

target population of metastatic CRC patients who may respond to immune checkpoint inhibitors6.  Other studies 

have shown that genomic profiling to determine the amount and types of mutations present in a tumor can 

further refine the MSI-H CRC population to identify responders to checkpoint inhibitors25,26.   

 

• In a recent retrospective analysis of 22 patients with MSI-H metastatic colorectal cancer who were treated with a 

PD-1 or PD-L1 inhibitor, TMB was the only variable identified as a significant predictor of response, PFS and OS, 

both as a continuous and categorical variable. 100% (13/13) of patients with MSI-H CRC and TMB >37 

mutations/Mb responded compared to only 2/9 patients with MSI-H CRC and TMB <37 mutations/Mb, suggesting 

that TMB can further stratify the MSI-H CRC population to guide the sequencing and/or combinations of 

checkpoint inhibitor therapy26.  

Other biomarkers: 

Comprehensive genomic profiling (CGP) may identify targets for either therapies approved for other indications (eg. testing 
for HER2 amplification and non-amplification mutations), as well as additional rare driver alterations that may inform the 
patient’s treatment, including predicted lack of response to anti-EGFR therapies, or the option to enroll in a genomically-
matched clinical trial.  
 

• HER2 (ERBB2) amplification has been reported in 3% and 7% of all CRC and RAS/RAF wild-type CRC. respectively12. In 
the Phase 2 HERACLES trial of patients with HER2-positive KRAS WT CRC, 30% (8/27) had an overall response, 44% 
(12/27) had stable disease, and median PFS was 21 months following treatment with a combination of the HER2 
inhibitors lapatinib and trastuzumab 13. In the ongoing MyPathway trial of patients with HER2 amplified/overexpressed 
CRC treated with pertuzumab and trastuzumab 12/32 patients assessed had a partial response and 3/32 had stable 
disease >4 months 14. HER2 short variant mutations are also found in 2% of CRC, and these patients are also predicted 
to respond to HER2-targeted therapies 15; these alterations are detectable by CGP but would not be detected using 
FISH or IHC testing 12. 
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• One in 3 CRC patients with tumors that are RAS/RAF wild-type (WT) harbor a genomic alteration (EGFR extracellular 
domain mutations, HER2, MET, and FLT3 amplification, PIK3CA and MEK1 mutations, and PTEN inactivating alterations) 
that could mediate resistance to EGFR therapeutic antibodies 7–12. Detection of one or more of these alterations may 
lead to the identification of an appropriate genomically-matched clinical trial, as several prospective trials in solid 
tumors, including CRC, are currently utilizing CGP for enrollment. 

 

• Kinase fusions of ALK, RET, FGFRs, and BRAF, which have been identified as clinically relevant predictors of response to 
matched targeted therapies in other tumor types including NSCLC, have been identified in a rare subset of CRCs using 
CGP 12. CRC patients with tumors harboring these alterations have reported lack of response to anti-EGFR therapies, 
but durable responses to matched therapies targeting ALK or NTRK1 16–20,27-29.  
 

• BRAF V600E mutations predict lack of response to EGFR antibodies and confer poor prognosis in CRC. However, 22% of 
BRAF mutations in CRC are non-V600, and are not typically covered by hotspot tests. These mutations predict excellent 
prognosis relative to cases with BRAF V600E or WT BRAF, suggesting that patients with tumors harboring non-V600 
mutations may achieve benefit from less intensive therapies 21. Clinical trials exploring effective combination therapies 
to effectively target BRAF V600E in CRC are also ongoing 22. 

 

• An inherited genetic mutation may be the driving factor in the development of approximately 5% of CRCs24. Evaluation 
for MMR protein expression and MSI status may be suggestive of inheritance of Lynch Syndrome or a variant, but will 
not identify other potential inherited drivers, such as APC alterations. CGP testing of somatic tumor specimens may 
identify potential germline mutations including those in the MMR pathway, APC or MUTYH, for example, and these 
patients and their families could then potentially be referred for germline testing.  

 

Requested Update 2 and Rationale: Amend the Principles of Pathologic Review (REC-B 5 of 7) section to indicate that 
genomic testing via a validated, blood-based liquid biopsy test, such as FoundationOne® Liquid, is an acceptable testing 
method.    

Multiple studies have shown a high concordance rate between tissue-based CGP and liquid biopsy for the dection of 

actionable alterations in numerous tumor types, including colorectal cancer26,30-32.  Paired tissue and blood specimens from 

a subset of 96 patients with colorectal cancer (CRC) from a multi-center prospective clinical study of multiple tumor types 

were analyzed with tissue-based testing and liquid biopsy respectively, and results were compared. For all cases with 

MSAF>0, 171 base substitutions and insertions/deletions (indels) were identified in the tumor, and 79% (PPA) of these 

identical alterations were also identified in the matched ctDNA samples.  PPA increased to 87% for cases <270 days 

between the tissue and the liquid biopsy sample, 95% for <90 days, and 100% PPA for <30 days. For NCCN®-recommended 

genes (KRAS, NRAS, BRAF), PPA was 80% for all time points for short variants; PPA increased to 90% for cases <270 days 

between the tissue and liquid biopsy32. Liquid biopsy has been reported to detect evidence of ctDNA in 82% of blood-based 

circulating tumor DNA (ctDNA) samples from patients with metastatic gastrointestinal tumors (72% colorectal carcinoma 

[CRC]), and reportable genomic alterations in 89% of these samples. Among 25 temporally-matched blood and tissue 

samples included in this study, 86% of alterations detected in tissue were also detected in ctDNA2. 

 

Thank you for your review of this submission. 

Sincerely, 

 

 

Brian Alexander, M.D. 
Chief Medical Officer 
Foundation Medicine 
 



References 

1.  Gandara DR, Paul SM, Kowanetz M, et al. Blood-based tumor mutational burden as a predictor of clinical benefit in 
non-small-cell lung cancer patients treated with atezolizumab. Nat Med. August 2018:1. doi:10.1038/s41591-018-
0134-3 

2.  Schrock AB, Pavlick DC, Klempner SJ, et al. Hybrid capture-based genomic profiling of circulating tumor DNA from 
patients with advanced cancers of the gastrointestinal tract or anus. Clin Cancer Res Off J Am Assoc Cancer Res. 
January 2018. doi:10.1158/1078-0432.CCR-17-3103 

3.  Gong J, Wang C, Lee PP, Chu P, Fakih M. Response to PD-1 Blockade in Microsatellite Stable Metastatic Colorectal 
Cancer Harboring a POLE Mutation. J Natl Compr Cancer Netw JNCCN. 2017;15(2):142-147. 

4.  Sorscher S, Desnoy. A Patient with A Microsatellite Stable (MSS) and High Mutational Burden Metastatic Colorectal 
Cancer Responding To Checkpoint Inhibitor Therapy. MOJ Clin Med Case Rep. 2016;5(3):00135. 

5.  Goodman AM, Kato S, Bazhenova L, et al. Tumor Mutational Burden as an Independent Predictor of Response to 
Immunotherapy in Diverse Cancers. Mol Cancer Ther. 2017;16(11):2598-2608. doi:10.1158/1535-7163.MCT-17-0386 

6.  Fabrizio DA, George Jr TJ, Dunne RF, et al. Beyond microsatellite testing: assessment of tumor mutational burden 
identifies subsets of colorectal cancer who may respond to immune checkpoint inhibition. J Gastrointest Oncol. 
2018;9(4):610-617. 

7.  Pietrantonio F, Vernieri C, Siravegna G, et al. Heterogeneity of Acquired Resistance to Anti-EGFR Monoclonal 
Antibodies in Patients with Metastatic Colorectal Cancer. Clin Cancer Res Off J Am Assoc Cancer Res. 
2017;23(10):2414-2422. doi:10.1158/1078-0432.CCR-16-1863 

8.  Siravegna G, Mussolin B, Buscarino M, et al. Clonal evolution and resistance to EGFR blockade in the blood of 
colorectal cancer patients. Nat Med. 2015;21(7):795-801. doi:10.1038/nm.3870 

9.  Sartore-Bianchi A, Martini M, Molinari F, et al. PIK3CA mutations in colorectal cancer are associated with clinical 
resistance to EGFR-targeted monoclonal antibodies. Cancer Res. 2009;69(5):1851-1857. doi:10.1158/0008-5472.CAN-
08-2466 

10.  Arena S, Bellosillo B, Siravegna G, et al. Emergence of Multiple EGFR Extracellular Mutations during Cetuximab 
Treatment in Colorectal Cancer. Clin Cancer Res Off J Am Assoc Cancer Res. 2015;21(9):2157-2166. doi:10.1158/1078-
0432.CCR-14-2821 

11.  Yonesaka K, Zejnullahu K, Okamoto I, et al. Activation of ERBB2 signaling causes resistance to the EGFR-directed 
therapeutic antibody cetuximab. Sci Transl Med. 2011;3(99):99ra86. doi:10.1126/scitranslmed.3002442 

12.  Rankin A, Klempner SJ, Erlich R, et al. Broad Detection of Alterations Predicted to Confer Lack of Benefit From EGFR 
Antibodies or Sensitivity to Targeted Therapy in Advanced Colorectal Cancer. The Oncologist. September 2016. 
doi:10.1634/theoncologist.2016-0148 

13.  Sartore-Bianchi A, Trusolino L, Martino C, et al. Dual-targeted therapy with trastuzumab and lapatinib in treatment-
refractory, KRAS codon 12/13 wild-type, HER2-positive metastatic colorectal cancer (HERACLES): a proof-of-concept, 
multicentre, open-label, phase 2 trial. Lancet Oncol. 2016;17(6):738-746. doi:10.1016/S1470-2045(16)00150-9 

14.  Hurwitz H, Raghav KPS, Burris HA, et al. Pertuzumab + trastuzumab for HER2-amplified/overexpressed metastatic 
colorectal cancer (mCRC): Interim data from MyPathway. J Clin Oncol. 2017;35(4_suppl):676-676. 
doi:10.1200/JCO.2017.35.4_suppl.676 

15.  Kavuri SM, Jain N, Galimi F, et al. HER2 Activating Mutations Are Targets for Colorectal Cancer Treatment. Cancer 
Discov. 2015;5(8):832-841. doi:10.1158/2159-8290.CD-14-1211 



16.  Pietrantonio F, Di Nicolantonio F, Schrock AB, et al. ALK, ROS1, and NTRK Rearrangements in Metastatic Colorectal 
Cancer. JNCI J Natl Cancer Inst. 2017;109(12). doi:10.1093/jnci/djx089 

17.  Yakirevich E, Resnick MB, Mangray S, et al. Oncogenic ALK Fusion in Rare and Aggressive Subtype of Colorectal 
Adenocarcinoma as a Potential Therapeutic Target. Clin Cancer Res. March 2016:clincanres.3000.2015. 
doi:10.1158/1078-0432.CCR-15-3000 

18.  Amatu A, Somaschini A, Cerea G, et al. Novel CAD-ALK gene rearrangement is drugable by entrectinib in colorectal 
cancer. Br J Cancer. 2015;113(12):1730-1734. doi:10.1038/bjc.2015.401 

19.  Sartore-Bianchi A, Ardini E, Bosotti R, et al. Sensitivity to Entrectinib Associated With a Novel LMNA-NTRK1 Gene 
Fusion in Metastatic Colorectal Cancer. J Natl Cancer Inst. 2016;108(1). doi:10.1093/jnci/djv306 

20.  Drilon A, Laetsch TW, Kummar S, et al. Efficacy of Larotrectinib in TRK Fusion-Positive Cancers in Adults and Children. 
N Engl J Med. 2018;378(8):731-739. doi:10.1056/NEJMoa1714448 

21.  Jones JC, Renfro LA, Alshamsi HO, et al. Non-V600 BRAF mutations define a distinct molecular subtype of metastatic 
colorectal cancer. J Clin Oncol. May 2017. doi:10.1200/JCO.2016.71.4394 

22.  Kopetz S, McDonough SL, Morris VK, et al. Randomized trial of irinotecan and cetuximab with or without vemurafenib 
in BRAF-mutant metastatic colorectal cancer (SWOG 1406). J Clin Oncol. 2017;35(4_suppl):520-520. 
doi:10.1200/JCO.2017.35.4_suppl.520 

23.     Cristescu R., Mogg R., Ayers M.,  et al.  Pan-tumor genomic biomarkers for PD-1 checkpoint blockade-based     
           immunotherapy.  Science.  2018 Oct 12;362(6411). doi: 10.1126/science.aar3593 
 
24.  Ma H, Brosens LAA, Offerhaus GJA, Giardiello FM, de Leng WWJ, Montgomery EA. Pathology and genetics of 

hereditary colorectal cancer. Pathology (Phila). 2018;50(1):49-59. doi:10.1016/j.pathol.2017.09.004 

25.      Mandal R., Samstein R.M., Lee K., et al.  Genetic diversity of tumors with mismatch repair deficiency influences anti– 

           PD-1 immunotherapy response. Science.  2019 May 3;364(6439):485-491. doi: 10.1126/science.aau0447. 

 

26.     Schrock AB, Ouyang C, Sandhu J, et al.  Tumor mutational burden is predictive of response to immune checkpoint  

           inhibitors in MSI-high metastatic colorectal cancer.  Ann Oncol.  2019 Apr 30. [epub ahead of print]  doi:    

          10.1093/annonc/mdz134. 

27.  https://www.accessdata.fda.gov/drugsatfda_docs/label/2018/211710s000lbl.pdf 

 

28.  Pietrantonio F, Di Nicolantonio F, Schrock AB, et al. ALK, ROS1, and NTRK Rearrangements in Metastatic Colorectal 

        Cancer. JNCI J Natl Cancer Inst. 2017;109(12). doi:10.1093/jnci/djx089.  

 

29.  Drilon A, Siena S, Ou SI, et al. Safety and Antitumor Activity of the Multitargeted Pan-TRK, ROS1, and ALK Inhibitor  

        Entrectinib: Combined Results from Two Phase I Trials (ALKA-372-001 and STARTRK-1). Cancer Discov. 2017;7(4):400– 

        409. doi:10.1158/2159-8290.CD-16-1237 

30.   Clark TA, Chung JH, Kennedy M, et al. Analytical validation of a hybrid capture-based next-generation sequencing   

        clinical assay for genomic profiling of cell-free circulating tumor DNA. J Mol Diagn. 2018;20(5):686-702. doi:    

         10.1016/j.moldx.2018.05.004 

 

31.  Zhou C, Yuan Z, Ma W, et al. Clinical utility of tumor genomic profiling in patients with high plasma circulating tumor  

        DNA burden or metabolically active tumors. J Hematol Oncol. 2018;11(1):129. doi: 10.1186/s13045-018-0671-8. 

 

32.  Li G, Pavlick D, Chung JH, et al. Genomic profiling of cell-free circulating tumor DNA in patients with colorectal cancer  

       and its fidelity to the genomics of the tumor biopsy. J Gastrointest Oncol 2019. doi: 10.21037/ jgo.2019.05.05 

https://www.accessdata.fda.gov/drugsatfda_docs/label/2018/211710s000lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2018/211710s000lbl.pdf

