
		
			[image: CTOIJ.jpg]
		

	
		
			Mini Review

			Volume 18 Issue 1 - February  2021

			DOI: 10.19080/CTOIJ.2021.18.555979

		

		
			Loss of EGFR Mutation Expression Induced 
by NF1 Mutation in Non-Small Cell Lung
 Cancer: Non-Canonical Pathway of Tyrosine 
Kinase Inhibitors’ Resistance

			Jose Gabriel Negron Rodriguez*, Luis Orrego Poma, Manuel Leiva Galvez, Maria Claudia Rodriguez Zavaleta and Wuilbert Rodriguez Pantigoso

			Instituto Peruano De Oncologia Y Radioterapia [IPOR], Peru

			Submission: February 06, 2021;  Published:  February 16, 2021

			*Corresponding author:  Jose Gabriel Negron Rodriguez, Instituto Peruano De Oncologia Y Radioterapia [IPOR], Av. Pablo Carriquiry 115 Urb. El Palomar- San Isidro – Lima, PE - Zipcode: 15036, Peru

			Abstract 

			Non-small cell lung carcinoma (NSCLC) is considered the first cause of cancer-related death worldwide and many therapies have been developed against the presence of actionable mutations.  For example, targeting the EGFR mutation has changed the overall prognosis in NSCLC.  However, resistance to treatment has emerged and many canonical mechanisms have already been described.  NF1 mutation causes partial or total loss of function of neurofibromin, which activates several intracellular pathways (MAPK / ERK, PI3K / AKT, TGF -β / Smad), producing cellular proliferation, migration, apoptosis resistance and genetic instability, leading to loss of EGFR expression. Herein, we describe a case of a novel activation of a non-canonical pathway that led to treatment resistance by NF1 mutation. 
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			Introduction

			Lung cancer is the most prevalent cause of cancer related death worldwide [1,2].  Disease treatment will depend on three factors: first of all, clinical staging at diagnosis (I-III treatment with curative intent and IV treatment with palliative intent); secondly, neoplastic cellular type and finally, oncogenic molecular pathways of said specific cellular type [3].  In non-small cell lung cancer (NSCLC), the presence of mutations in epidermal growth factor receptor type 1 (EGFR)  and the use of tyrosine kinase inhibitors (TKI) changed prognostic and survival in these patients [4].  With the above, it was established as favorable response factors: adenocarcinoma histology, women gender, non-smokers and Asian ethnicity [5-7]. However, the use of TKIs quickly led to the appearance of treatment resistance; there have been established some common or “canonical” resistance mechanisms such as: second mutations in EGFR such as substitution of methionine to 

threonine at location 790 (T790M); MET oncogene amplification, neuroendocrine transformation, PTEN loss, KRAS mutation, and epithelial-mesenchymal transition (EMT) [8,9].  Nevertheless, because of the complexity of the molecular and metabolic pathways in NSCLC, non-canonical resistant mechanisms can appear.	

			Case Report

			We present the case of a 67-year-old woman of Asian descent, non-contributory pathological history, non-smoker. Clinically presents with demanding cough and wasting. Imaging studies reveal a heterogeneous hypodense solid lesion of 52mm in greater diameter in the anterior segment of the right upper lobe, adjacent to the mediastinal pleura with loss of interface; associated with secondary nodules in both lung fields and secondary pretracheal, retrocaval, precarinal, subcarinal and cervical adenopathies (group IV).  Biopsy performed concluded: Non-small cell carcinoma: Adenocarcinoma positive for TTF1. EGFR and ALK studies were performed: EGFR mutation in Exon 21 (L858R) and negativity for ALK. Patient with diagnosis: NON-SMALL CELL LUNG CANCER (ADENOCARCINOMA) STAGE IVA (T3N3M1b) EGFRmut [EXON21 (L858R)] ALK (-). First-line treatment was started with second-generation TKI: Afatinib according to the NCCN guidelines and the LUX3 study [3,10].  At 3 months evaluation, she had partial response with decrease in the primary lesion; however, at 5 months; while being in response, she presented a new lymphadenopathy at cervical group V and pretracheoretrocaval region (Figure 1).  The case was discussed at a tumor board with thoracic surgery and radiotherapy departments; concluded that the patient was not subject to radical oligometastatic treatment due to the proximity of lesions at the mediastinum. The patient continued with Afatinib, presented progressive bilateral lung disease after 10 months of treatment; at which time, a liquid biopsy was taken, obtaining as a result: Exon 19 deletion. Due to being oligosymptomatic, without evidence of T790M mutation and having a second generation TKI-sensitive driver mutation; patient continued therapy with Afatinib as stipulated in NCCN guidelines [3].  Thirteen months after starting treatment, the patient presented pericardial progression. A pericardial window was performed, obtaining a lower left lung lobe sample for pathological anatomy that concluded: Adenocarcinoma with positivity for TTF1, CK7 and p63. The patient clinically worsened, respiratory distress secondary to lymph node progression generating extrinsic compression of the pulmonary artery and the left main bronchus. Mediastinal radiotherapy is given: 30 Gy in VMAT technique in 10 fractions.  A molecular platform (FoundationOne® CDx) of lung tissue was carried out, which concluded: mutation in the splicing site of NF1 (4431-1G> A), TP53 P152L mutation and PD-L1 100% expression; moreover, loss of expression of EGFR mutation and absence of any oncogenic driver (ALK, BRAF, EGFR, ERBB2, KRAS, MET, RET, ROS1).
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			Discussion

			Non-small cell lung carcinoma in its adenocarcinoma variant has become the target of various therapies due to its molecular complexity and the presence of actionable mutations [3,11].  The presence of EGFR mutations varies according to the population, representing an average of 10% of driver mutations in lung adenocarcinomas, and reaching up to 60% in the Asian population [11-13].  Thus, lung adenocarcinoma can be molecularly classified into positive oncogene and negative oncogene; positive oncogene adenocarcinomas present 11.3% mutations in EGFR and 32% mutations in KRAS, as well as amplification of MET, HER2, ROS1, ALK and RET [11].  Negative oncogene adenocarcinomas show mutation of NF1, TP53 and RIT [11].  Molecular studies in EGFR mutated lung adenocarcinoma in Asian populations reveal high intratumoral heterogeneity, due to the presence of complete genome duplication events generally associated with mutations in TP53; although initially they are trunk mutations, later during their evolution, they allow the appearance of branched mutations that in the case of a mutated EGFR will lead to resistance to TKIs and expression of co-drivers, changing the natural history of the disease and appearance of resistance to treatment using pathways not previously described [13].  

			The canonical mechanisms of resistance to TKIs in patients with mutated EGFR are as follows: secondary mutations in EGFR such as substitution of methionine to threonine at location 790 (T790M); MET oncogene amplification, neuroendocrine transformation, PTEN loss, KRAS mutation, and epithelial-mesenchymal transition (EMT) [8,9].  The neurofibromatosis type 1 gene (NF1) is located on chromosome 17q11.2, consists of 60 exons and encodes for the protein: Neurofibromin, which acts as a tumor suppressor [14]; this, can be affected by various types of mutations (nonsense, missense, splicing site), any of which leads to coding a truncated protein and similar clinical scenarios [14,15].  NF1 has two functional domains: Sec14, which allows intracellular lipid and protein trafficking, and RasGAP (Ras-GRD), which, by increasing the hydrolysis rate of GTP, accelerates the conversion of the active form Ras-GTP to the inactive form Ras-GDP [14].  Moreover, NF1 has a role in the expression of tumor growth factor type ß (TGF-ß) and in immunoregulation [14,16].  Both TP53 and NF1 are found on chromosome 17 and have a role in tumorigenesis  [17,18] including oncogene negative lung adenocarcinoma [11,19].  NF1 mutations are loss-of-function mutations and serve as oncogenic drivers in this subtype of neoplasms [11,19]. Asian patients with NF1 mutations have disease-free survival and overall survival similar to patients with RAS mutations, this is explained by the activation of the mitogen-activated protein kinases (MAPK-ERK) pathway [19].  NF1 inactivation (initially demonstrated in colon cancer in studies with CRISPR/Cas9) leads to resistance to EGFR inhibition [20,21].  Subsequently, it was discovered that the null or low expression of NF1 in lung adenocarcinoma produced resistance to TKIs, activating the Ras and the MAPK pathway, with persistence of ERK phosphorylation despite EGFR blockade [22].  With this, the molecular basis for the use of a MEK inhibitor to decrease the activity and phosphorylation of ERK, added to the EGFR inhibitor, was postulated, obtaining a good response with this double inhibition [22].  

			Aberrant activation of the MEK / ERK pathway secondary to loss of NF1 is an important resistance mechanism, which can occur in the presence of primary or secondary EGFR mutations (including T790M) and becomes prevalent as an oncogenic driver in the presence of other disorders such as TP53 mutation [23].  The EGFR gene is located on chromosome 7p11.2 [24].  The two most common actionable mutations are the exon 19 deletion (delE746-A750) and a point mutation in codon 858 of exon 21, replacing leucine with arginine (L858R) [24].  Both correspond to 85–90% of primary EGFR mutations [24].  In EGFR mutated lung adenocarcinoma, Her2 / Her3 signaling activation and constitutive or bypass activation of the PI3K / AKT pathway and the MAPK / ERK pathway lead to loss of EGFR expression [24,25], this is explained by the existence of genetic instability at the centromeric level in chromosome 7 (EGFR-ampch7 region), an effect mostly described in patients with Exon 19 deletion treated with TKIs [25].  Furthermore, in patients treated with second or third generation TKIs, they present loss of EGFR expression (independent of T790M mutation) due to molecular crosstalk between MAPK / ERK and PI3K / AKT pathways, as well as EMT phenotype [26].  The expression of PD-L1 can be increased by various mechanisms such as: activation of RAS, intrinsic activation of MAPK and PI3K, upregulation of inflammatory cytokines (TGF-ß) among others [27]; which leads to the activation of the TGF-β / Smad pathway; the canonical EMT pathway [27,28].

			Our case presents a patient with Stage IV EGFR mutated (L858R) lung adenocarcinoma, treated with first line Afatinib; according to the LUX3 study [10], having good prognostic factors (Asian ethnicity, EGFR with common mutation, non-smoker) she should have had a median PFS of 11.4 months (13.6 months for being Asian), however the patient only had a 5 months PFS and clinical deterioration at 10 months after starting treatment (Figure 2).  The liquid biopsy result, at the first progression, shows exon 19 deletion (and lack of T790M mutation), this phenomenon can be explained by a false positive or error in the test (specificity 96%, sensitivity 98% for common mutations; specificity and sensitivity 70 % for T790M) [29] or tumor heterogeneity [13].  The result of lung tissue sequencing at progression shows both NF1 and TP53 mutation (both correspond to negative NSCLC oncogene [11,19]), in addition to loss of expression of EGFR mutation, none oncogenic driver and high expression of PD-L1 (100%).  As described above, all NF1 mutations lead to truncated protein expression with partial or total loss of function [14], becoming an oncogenic driver [11,23].  RAS and MAPK / ERK pathways, are activated; that in the presence of blockade by a TKI will allow “crosstalk” and constitutive activation of the PI3K/AKT metabolic pathway [14,19,22,26].  The double constitutive AKT-ERK activation will promote loss of EGFR expression due to genetic instability in the EGFR-ampch7 region of chromosome 7 [24-26].  Likewise, both the activation of RAS, MAPK / ERK and PI3K / AKT pathways and the increase in inflammatory cytokines such as TGF-ß (generated by immunomodulation in mutated NF1) will cause upregulation of PD-L1 which will activate the EMT canonical pathway: TGF -β / Smad [14,27,28].  It is through these molecular mechanisms that in the case of our patient a new non-canonical pathway of TKI resistance is expressed; linked to mutated NF1 that leads to the loss of expression of mutation in EGFR (Figure 3).  This particular case, with a history of mutated EGFR expression that progresses to the use of TKI, and currently a high PD-L1 expressor, due to the mechanisms already described, would benefit from the use of the checkpoint inhibitor: Atezolizumab together with Carboplatin, Paclitaxel and Bevacizumab, as exposed in the IMpower150 study [29,30], which to date is the only phase 3 study that includes this particular patient population.
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			Conclusion

			NSCLC is a molecularly complex pathology, in which the presence of an actionable driver such as mutated EGFR defines a subgroup of patients with a supposedly favorable prognosis. We have observed and drafted the presence of a new non-canonical pathway of TKIs resistance.  NF1 mutations contribute to the loss of expression of mutated EGFR (due to the activation of the RAS / MAPK / ERK and PI3K / AKT pathway), conditioning resistance to TKIs.  Likewise, NF1 has a role in the expression of PD-L1 and activation of the canonical TGF-β / Smad pathway of EMT by similar mechanisms.  The NF1 mutation altered the disease natural history, became a poor prognostic factor, and produced novel resistance mechanisms linked to this alteration. Therefore, it is imperative to understand the metabolic and molecular pathways in the oncogenesis of the disease to provide individualized treatment according to the tumor molecular profile in patients with NSCLC.
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CT at Onset of disease: upper right lobe 5cm nodule, mediastinal lymphadenopathy

PETCT at Onset of disease: group IV cervical adenopathy

PETCT at 5 months: Group V cervical adenopathy and pretracheoretrocaval region

CT at 13 months: bilateral pulmonary nodules, pericardial effusion

CT at 14 months: extrinsic lymph node compression of the pulmonary artery and left main bronchus.
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Figure 2: Timeline of disease.
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Figure 3: Constitutive activation of molecular pathways leads to loss of mutated EGFR expression.
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