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Abstract
BACKGROUND
Although common in lung cancer, somatic epidermal growth factor receptor (EGFR) mutations are rarely found in colorectal cancer, occurring in approximately 3% of cases. Treatment with anti-EGFR antibodies is commonplace, but EGFR tyrosine kinase inhibitors are not standard treatments in colorectal cancer. Here we report a case of sustained response to osimertinib in a colorectal cancer patient with an EGFR T790M mutation on cell-free DNA analysis.

CASE SUMMARY
A 72-year old woman with a past medical history of post-polio syndrome confined to a wheelchair, scoliosis and hypothyroidism presented with metastatic sigmoid colon adenocarcinoma with hepatic metastases. Next generation sequencing revealed a RAS/RAF wild-type, microsatellite stable, PD-L1 negative malignancy. Mutations in TP3 and APC were also identified, as well as EGFR amplification. Cell-free DNA analysis revealed an EGFR T790M mutation. She was unable to tolerate first-line treatment with panitumumab, 5-fluorouracil and leucovorin, progressed on second-line treatment with trifluridine/tipiracil plus bevacizumab, and was unable to tolerate third-line treatment with regorafenib. She was started on fourth-line treatment with off-label osimertinib, with clinical response – decrease in size of hepatic metastases and a pericardial effusion. She remained on treatment with osimertinib for seven months.

CONCLUSION
This case shows the benefit of multi-gene sequencing assays to identify potential therapeutic options in patients with refractory disease.
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Core Tip: Somatic epidermal growth factor receptor (EGFR) mutations are rarely found in colorectal cancer. Treatment with anti-EGFR antibodies is commonplace, but EGFR tyrosine kinase inhibitors are not standard in colorectal cancer. Here we report a case of sustained response to osimertinib in a metastatic colorectal cancer patient with an EGFR T790M mutation detected with cell-free DNA. She progressed on three lines of treatment, and received fourth-line treatment with off-label osimertinib, with clinical response. She received treatment with osimertinib for seven months. This case shows the benefit of multi-gene sequencing assays to identify potential therapeutic options in patients with refractory disease.

INTRODUCTION
Although common in lung cancer, somatic epidermal growth factor receptor (EGFR) mutations are rarely found in colorectal cancer, occurring in approximately 3% of cases[1]. Treatment with anti-EGFR antibodies is commonplace, but EGFR tyrosine kinase (TK) inhibitors (TKIs) are not standard treatments in colorectal cancer. Here we report a case of sustained response to osimertinib in a colorectal cancer patient with an EGFR T790M mutation on cell-free DNA analysis.

CASE PRESENTATION
Chief complaints
Our patient is a 72-year-old white female who presented with a chief complaint of right upper quadrant pain.

History of present illness
She was diagnosed with metastatic sigmoid colon adenocarcinoma with liver involvement in November 2020 (Table 1).

History of past illness
She was a former light smoker who quit 10 years before the diagnosis of colon cancer.

Personal and family history
The patient had a past medical history of post-polio syndrome confined to a wheelchair, scoliosis, and hypothyroidism.

Physical examination
Physical examination findings were significant for mild tenderness to palpation in the right upper quadrant without abdominal distention as well as chronic muscle wasting and decreased muscle tone secondary to post-polio syndrome. Her Eastern Cooperative Oncology Group (ECOG) performance status was 3.

Laboratory examinations
Next-generation sequencing (NGS) covering over 600 genes was performed on the liver biopsy and revealed a RAS/RAF wild-type, microsatellite stable, PD-L1 negative malignancy. In addition, TP53 and APC mutations and EGFR amplification with C-terminal deletion in exons 27-28 were discovered. Cell-free DNA analysis revealed an EGFR p.T790M exon 20 somatic mutation with a variant allele frequency (VAF) of 12.3%.

Imaging examinations
Computed tomography (CT) imaging revealed hepatic metastases at diagnosis.

FINAL DIAGNOSIS
She was diagnosed with metastatic sigmoid colon adenocarcinoma with liver involvement in November 2020 (Table 1).

TREATMENT
She desired to preserve her quality of life and minimize side effects and trips to the cancer center. With these goals in mind, she declined standard frontline treatment options, including FOLFOX and FOLFIRI. This patient was discussed at our molecular tumor board in December 2020. At that time, anti-EGFR antibody therapy was recommended as EGFR amplification was thought to be secondary to the EGFR exon 27-28 deletion and truncation of the C-terminal domain leading to a paradoxical, ligand-independent downstream activation of the MAPK pathway[2]. She initially received panitumumab, 5-fluorouracil, and leucovorin. However, shortly after receiving panitumumab, the patient complained of post-nasal drainage and difficulty swallowing. She declined further treatment with this regimen. Pursuant to her goals of minimizing time spent at the cancer center and using the least toxic regimen, she was transitioned to treatment with trifluridine/tipiracil plus bevacizumab in January 2021[3]. Imaging revealed treatment response with subsequent progression in November 2021, eleven months after initiation of treatment.
Subsequently, she was initiated on third-line treatment with regorafenib in December 2021. The patient experienced multiple treatment interruptions due to poor tolerability (primarily grade 3 hypertension), and the decision was made to stop regorafenib. Her case was re-presented at the molecular tumor board in January 2022. Recommendations at that time were to pursue clinical trial options for anti-EGFR therapy or off-label EGFR TKI therapy. An ECOG performance status of 3 precluded enrollment in local therapeutic clinical trials, and the patient expressed that she did not wish to travel. The decision was made to initiate off-label osimertinib. 
She started osimertinib 80 mg daily in February 2022. The VAF of the EGFR T790M mutation was 13.3%. Two weeks after initiating osimertinib, the patient developed an acneiform rash on both cheeks. Oral minocycline was prescribed, and the rash improved within two weeks. Worsening fatigue and an elevated total bilirubin of 2.1 mg/dL were noted within the first month of therapy. Her fatigue improved, and bilirubin normalized by the start of cycle two without dose modifications. Between March and April of 2022, the patient developed grade 2 anemia and grade 2 thrombocytopenia, both of which were monitored. A CT chest, abdomen, and pelvis with contrast was obtained five weeks after initiating osimertinib and revealed a decrease in the size of liver metastases and an unchanged appearance of the primary sigmoid colon malignancy. The VAF of the EGFR T790M mutation was then 2.1%, which correlated with the response seen on imaging (Figure 1).

OUTCOME AND FOLLOW-UP
In June 2022, a CT scan revealed portal vein thrombosis, and apixaban was initiated. In addition, the osimertinib dose was reduced from 80 mg to 40 mg daily due to the aforementioned hematologic toxicities.
This same CT scan obtained five months after the initiation of osimertinib revealed further improvement in hepatic metastases with a decrease in the size of the dominant hepatic mass from 11.9 cm at the time of initiation of therapy to 8.4 cm (Figure 2). An echocardiogram revealed a decrease in the size of a pericardial effusion, which was present at the time of initiation of osimertinib. Subsequent imaging seven months after initiation of treatment revealed progression of hepatic metastases and new onset large volume ascites and peritoneal carcinomatosis. She decided to pursue hospice at this juncture and passed away two weeks later.

DISCUSSION
Our patient presented with metastatic colorectal cancer, which became refractory to treatment with trifluridine/tipiracil and bevacizumab. In addition, as described above, she had an intolerance to panitumumab and regorafenib. Cell-free DNA analysis revealed an EGFR T790M mutation. The patient's case was referred to our molecular tumor board, and the recommendation was to consider a trial of osimertinib. The patient had a response for over six months. While there is preclinical evidence for utilizing osimertinib in colon cancer, we could find only one clinical case report of using osimertinib in colon cancer[4,5].
The EGFR gene is located on chromosome 7p12-13 and encodes a transmembrane receptor composed of extracellular ligand binding and intracellular TK domains[6]. EGFR regulation is tightly controlled, and variations within the EGFR signaling pathway play a key role in solid tumor oncogenesis. Commercially available EGFR antagonists include the monoclonal antibodies (mAbs) panitumumab and cetuximab and act by preventing epidermal growth factor ligand binding to the external EGFR domain. EGFR mAbs are considered a standard of care in treating patients with metastatic colorectal cancer lacking activating mutations in KRAS/NRAS downstream of EGFR[7].
In contrast to these mAbs, EGFR TKIs block intracellular signaling cascades through competition with adenine triphosphate. While both approaches lead to the inhibition of EGFR autophosphorylation, TKI efficacy is restricted to cancers that carry EGFR mutations in the TK domain (exons 18-21). Still, these mutations are rarely seen in colorectal cancer[8]. Available TKIs against EGFR TK mutations are approved for non-small cell lung cancer and include first-generation agents gefitinib and erlotinib and second-generation agents afatinib and dacomitinib[9]. Osimertinib is the only approved third-generation EGFR TKI and has efficacy against EGFR T790M, a mutation resistant to first- and second-generation EGFR TKIs[10].
There are currently no guidelines to direct therapy selection in EGFR-mutated colorectal cancer. However, case reports exist describing the efficacy of erlotinib in EGFR mutant colorectal cancer[11,12]. More recently, a 50-year-old Japanese woman with an EGFR T790M lung lesion from a colorectal primary responded to osimertinib for 95 d[5]. The patient was noted positive for RAS mutant G13D at diagnosis, which is downstream of EGFR. Mutations of this pathway are established as strong negative predictive markers, and may preclude efficacy of these therapies. This patient also had an uncommon EGFR L861Q mutation compounded with the EGFR T790M at the time of osimertinib initiation. It is speculated by the authors the patient originally only had the EGFR L861Q mutation and the T790M was acquired during the clinical course prior to starting osimertinib. With one mutation acquired during the clinical course, it is possible another resistance mechanism was acquired after starting osimertinib. This hypothesis along with the RAS mutation are potential explanations for the short response time noted compared to our patient. However, such cases highlight the additional options afforded to these patients by utilizing multi-gene sequencing panels.
The use of NGS in metastatic colorectal cancers is becoming standard in an effort to identify additional therapeutic options in the refractory setting. However, guidelines currently recommend testing for only a limited set of genes, including NRAS, KRAS, BRAF V600E, and mismatch repair/ microsatellite instability, with consideration to test for HER2 amplifications and NTRK fusions in the refractory disease setting[9]. A retrospective review of 23 US-based oncology practices demonstrates that even these limited gene panels are underutilized; only 40% of patients underwent guideline-recommended genomic testing for any of these genomic markers, a rate that has not increased since 2013[13,14].
Cell-free DNA plays an increasingly pivotal role in minimal residual disease monitoring for individuals with colon cancer[15]. Both tumor-informed and tumor-agnostic approaches are being investigated[16]. The clinical case described in this paper demonstrates the prospect of using cell-free DNA for response assessment, in addition to standard tumor markers such as carcinoembryonic antigen, as illustrated in Figure 1.
Our patient had a response to osimertinib for over six months of therapy. The previously under-recognized factor of the time-related burden that patients undergoing oncologic treatments experience is coming to the forefront with recent research[17]. We customized her treatment to meet her goals of minimizing toxicity and time spent traveling to the cancer center. In alignment with these goals, most of her visits were performed virtually.
This case shows the benefit of large panel multi-gene sequencing assays to identify potential therapeutic options in patients with refractory disease. Molecular tumor boards are integral in identifying patients appropriate for a targeted therapy approach and procuring these much-needed therapies. As demonstrated in this case, precision medicine holds promise to tailor patient treatments to align with their goals and expectations.

CONCLUSION
This case shows the benefit of large panel multi-gene sequencing assays to identify potential therapeutic options in patients with refractory disease. Molecular tumor boards are integral in identifying patients appropriate for a targeted therapy approach and procuring these much-needed therapies. As demonstrated in this case, precision medicine holds promise to tailor patient treatments to align with their goals and expectations.
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Figure Legends
[image: ]
Figure 1 Serial cell-free DNA analyses and carcinoembryonic antigen levels over time. Osimertinib was initiated in February 2022, and imaging in April 2022 confirmed treatment response with a decrease in size of the hepatic metastases. CEA: Carcinoembryonic antigen; CEGFR: Epidermal growth factor receptor; VAF: Variant allele frequency.

Table 1 Timeline of events
	Date
	Event

	November 2020
	Diagnosed with metastatic colon adenocarcinoma and started on panitumumab, 5-fluorouracil and leucovorin

	January 2021
	Switched to trifluridine/tipiracil

	November 2021
	Disease progression on CT imaging

	December 2021
	Switched to regorafenib

	February 2022
	Switched to osimertinib

	November 2023
	Died
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