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Third-generation epidermal growth factor receptor (EGFR) tyrosine kinase inhibitors (TKIs) are highly effective against tumors harboring the T790M mutation. However, patients treated with these inhibitors ultimately develop resistance, and the most common mechanism is the emergence of the EGFR C797S mutation. Few treatment regimens have been reported for this condition. In this report, we present a successful combination treatment with the programmed cell death 1 (PD-1) inhibitor sintilimab, anti-vascular endothelial growth factor (VEGF) therapy, and chemotherapy with pemetrexed and cisplatin in a patient with non-small cell lung cancer (NSCLC) who developed acquired resistance with EGFR 19 exon deletion (19Del)/T790M/cis-C797S mutation following progression with ametinib therapy. This regimen was well tolerated, and the patient has remained progression-free for 15 months. Our case provides clinical evidence that the combination of PD-1 inhibitor, anti-VEGF therapy, and chemotherapy may be an efficacious therapeutic strategy for NSCLC patients with acquired EGFR 19Del/T790M/cis-C797S mutation resistance following progression with EGFR TKI therapy.
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Introduction

Despite initial response to epidermal growth factor receptor (EGFR) tyrosine kinase inhibitors (TKIs), most patients with non-small cell lung cancer (NSCLC) harboring EGFR activating mutations inevitably develop resistance after approximately one year (1, 2). The EGFR T790M mutation is the most common mechanism of resistance to first- and second-generation EGFR TKIs, and third-generation EGFR TKIs, such as osimertinib and ametinib, selectively target the T790M mutation. However, patients treated with third-generation EGFR TKIs ultimately encounter secondary resistance. Although the mechanisms of resistance vary, the most common is the emergence of the EGFR C797S mutation (3), with reported frequencies up to 24% (4–6). According to the allelic relationship with T790M, C797S is defined as cis-C797S or trans-C797S (7). Tumors harboring T790M/trans-C797S are sensitive to combined first- and third-generation EGFR TKIs (7, 8). However T790M/cis-C797S, the more frequently mutation, is resistant to first-, second-, and third-generation EGFR TKIs (3, 9). Currently, there is no standard therapeutic regimen for NSCLCs harboring the T790M/cis-C797S EGFR mutation. Platinum-based chemotherapy with or without bevacizumab is one of the recommended regiments (10), however, the survival is poor. Here, we report a successful case of combination therapy with PD-1 inhibitor (sintilimab), anti-VEGF therapy, and chemotherapy in a patient with NSCLC who developed acquired EGFR 19 exon deletion (19Del)/T790M/cis-C797S mutation resistance following progression on EGFR TKI therapy.





Case report

A 61-year-old man, a former smoker with no relevant family or genetic history, underwent computed tomography (CT) of the chest in November 2018, due to a cough. The CT scan revealed a nodule in the right upper lung near the mediastinum, suggesting a neoplastic lesion (Figure 1). One month later, he was diagnosed with Stage IVA (T4N2M1a) lung adenocarcinoma with brain metastasis in the left occipital lobe. Genomic profiling of pleural effusion cell pellets using next-generation sequencing (NGS) identified an EGFR 19 exon delete (19Del; c.2235_2249del p.Glu746_Ala750del). Consequently, he was treated with icotinib (125 mg tid), achieving a partial response (PR).




Figure 1 | The patient’s course, treatment, next-generation sequencing results, and imaging results. OR, objective response; PFS, progression-free survival; PR, partial response; SD, stable disease; IMRT, intensity-modulated radiotherapy; EGFR, epidermal growth factor receptor; 19Del, exon 19 deletion; PD, progressive disease.



In June 2019, magnetic resonance imaging (MRI) revealed bone metastases at the L3 lumbar and S2 and S3 sacral vertebrae. He received intensity-modulated radiotherapy using RAPID-Arc, delivering 55 Gy in 22 fractions to gross target volume (GTV) and 40 Gy in 22 fractions to clinical target volume (CTV). Since bone-related examinations were not performed at the initial diagnosis, baseline images were unavailable. NGS analysis of a blood sample did not detect an EGFR mutation, and CT scans showed reduced lung lesions, indicating effectiveness of icotinib. Consequently, icotinib treatment was continued.

The patient maintained stable disease (SD) for 21 months, until CT scans revealed new lesions in both lungs and the liver. NGS analysis of a blood sample identified an EGFR T790M mutation (c.2369C>Tp.Thr790Met) along with the EGFR 19Del (c.2235_2249del p.Glu746_Ala750del). Subsequently, he commenced treatment with ametinib (110 mg, qd) combined with bevacizumab (400 mg q3w), achieving a PR. However, disease progression was observed in July 2022 with enlarged liver metastases and an increased number of liver lesions. NGS analysis of a blood sample revealed a novel EGFR cis-C797S mutation (c.2389T>Ap.Cys797Ser) in addition to the existing EGFR 19Del and T790M mutations.

The ORIENT-31 trial, a prospective, double-blind, phase 3 clinical trial, evaluated the efficacy and safety of sintilimab with or without bevacizumab biosimilar IBI305 plus pemetrexed and cisplatin, compared with pemetrexed and cisplatin alone, for patients with locally advanced or metastatic EGFR-mutated NSCLC who had disease progression after receiving EGFR TKI therapy (11). Based on the preliminary results from this trial, we initiated a treatment regimen of pemetrexed and cisplatin combined with bevacizumab and sintilimab (200 mg q3w) in July 2022 for our patient, who had an Eastern Cooperative Oncology Group performance status (ECOG PS) score of 1. After six courses of this regimen, he transitioned to maintenance therapy with pemetrexed, bevacizumab and sintilimab.

A CT scan in November 2022 showed that the primary lung lesion and multiple lung metastases were mostly unchanged, although the liver lesions had shrunk, indicating an objective response (OR) of SD. NGS analysis of a blood sample did not identify the EGFR 19Del, T790M, or cis-C797S mutations, and no other mutations were detected. Due to the patient’s worsening economic situation, bevacizumab was replaced with the lower cost recombinant human endostatin (30 mg, d1–7, q3w). As of October 2023, the patient continued to respond to the treatment regimen of pemetrexed combined with recombinant human endostatin and sintilimab, with a progression-free survival (PFS) exceeding 15 months. The only treatment-related side effect was grade 2 diarrhea, according to the Common Terminology Criteria for Adverse Events (CTCAE) Version 5.0, which occurred after four courses, and was alleviated with symptomatic treatment. A colonoscopy in November 2022 indicated no abnormalities.





Discussion

Due to the molecular heterogeneity of NSCLC, the resistance mechanisms to third-generation TKIs are complicated and not fully understood. Acquired resistance to EGFR TKIs can be broadly categorized into EGFR-dependent (on-target) and EGFR-independent (off-target) (12, 13). Relevant therapeutic options have been found to prolong clinical benefits. For instance, the combination of the ALK inhibitor brigatinib with cetuximab may be effective for patients with acquired EGFR T790M/cis-C797S-mediated resistance to osimertinib (14, 15). Fourth-generation EGFR TKIs, such as EAI045, JBJ-04–125-02, and BLU-945, can overcome both the T790M and C797S mutations (16). Additionally, the phase III MARIPOSA-2 study demonstrated that PFS was significantly longer for the combination of amivantamabe-lazertinibe and chemotherapy compared to chemotherapy alone in patients with EGFR-mutated advanced NSCLC who had progressed on or after osimertinib (median of 8.3 versus 4.2 months, respectively) (17). Furthermore, the antibody-drug conjugate (ADC) patritumab deruxtecan (HER3-DXd) showed clinically meaningful efficacy in the phase II HERTHENA-Lung01 study, and a phase III HERTHENA-Lung02 trial is ongoing (ClinicalTrials.gov identifier: NCT05338970) (18).

In our case, the patient acquired an EGFR cis-C797S mutation after treatment with a third-generation TKI. However, fourth-generation EGFR TKIs are not readily accessible to Chinese patients in clinical practice, and the cost of brigatinib and cetuximab is high, increasing the financial burden on patients. Therefore, economical, accessible and effective therapeutic regimens are needed to manage those NSCLC Chinese patients who acquire an EGFR cis-C797S mutation.

A few randomized phase 3 trials have shown that combining PD-1 or programmed cell death ligand 1 (PD-L1) inhibitors with VEGF inhibitors and chemotherapy enhances antitumor activity and provides a PFS benefit for patients with advanced EGFR-mutated NSCLC who progressed after receiving EGFR TKI therapy. A subgroup analysis of the IMpower150 trial showed that treatment with the PD-L1 inhibitor atezolizumab, bevacizumab, and chemotherapy (carboplatin and paclitaxel) improved survival outcomes in NSCLC patients who developed EGFR mutations after TKI treatment (19, 20). Additionally, the ORIENT-31 trial demonstrated that treatment with the PD-1 inhibitor sintilimab, bevacizumab biosimilar IBI305, and standard chemotherapy (pemetrexed and cisplatin) significantly improved PFS compared to chemotherapy alone (median 7.2 months vs 4.3 months; hazard ratio 0.51; p<0.0001) for NSCLC patients who had progressed after EGFR TKI therapy (11). However, the trial included patients with multiple EGFR mutations, including exon 19Del, exon 21 L858R, and others, not exclusively those with acquired EGFR cis-C797S mutations. As of October 2023, the last follow-up time, our patient is still responding to the combination of a PD-1 inhibitor, anti-VEGF therapy and chemotherapy, with a progression-free survival (PFS) of over 15 months, exceeding the median PFS of 7.2 months reported in the ORIENT-31 trial.

To date, the mechanism of this treatment regimen remains unclear. Due to low response rates to immune checkpoint inhibitors (ICIs) in patients with EGFR-mutant NSCLC (21), this population has typically been excluded from first-line treatment with immunotherapy. Nevertheless, recent translational studies have shown that ICIs are more effective in patients with PD-L1 higher expression in tumor cells, a higher tumor mutation burden, or a higher density of tumor-infiltrating lymphocytes following EGFR TKI treatment (22–24). Moreover, multiple clinical studies have indicated that the efficacy of ICIs may be enhanced when combined with VEGF inhibitors (25–27). Anti-angiogenic therapy induces normalization of tumor vasculature, promoting T cell infiltration into the tumor and creating a tumor immune microenvironment favorable for ICI therapy (28, 29). Additionally, VEGF expression can be promoted by EGFR signaling, potentially increasing the sensitivity of tumors harboring EGFR mutations to anti-VEGF therapy (30, 31).

In our case, several limitations should be considered. Repeated tissue biopsies are necessary to identify histological changes in complex cancers and to elucidate resistance mechanisms if the combination treatment of a PD-1 inhibitor, anti-VEGF therapy, and chemotherapy fails. After three months of combination therapy, no gene mutations were detected, yet the patient continued to respond to treatment. The underlying mechanism warrants further investigation. Despite these limitations, the patient has acquired survival benefits and the three-drug regimen has been well tolerated. The only side effect was grade 2 diarrhea, which was alleviated with symptomatic treatment. Our case may shed lights on overcoming EGFR 19Del/T790M/cis-C797S mutation resistance.





Conclusion

The combination treatment with the PD-1 inhibitor sintilimab, anti-VEGF therapy, and chemotherapy demonstrated a significant improvement in PFS in a NSCLC patient who developed acquired resistance due to EGFR 19Del/T790M/cis-C797S mutation after progression on EGFR TKI therapy. This therapeutic regimen may be efficacious and offers an optimal strategy for managing these patients.
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