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Background: In this pooled analysis, the aim was to investigate the clinicopathological characteristics of patients with uncommon epidermal growth factor receptor (EGFR) (ucm-EGFRms) along with their treatment responses and survival following osimertinib treatment.
Methods: Univariate chi-square analysis was conducted to analyze the correlation between clinical characteristics, EGFR mutation type, and treatment response, and the Kaplan-Meier method was applied for survival analysis. Univariate logistic regression model and Cox proportional hazards model were performed to compare the efficacy and prognosis in subgroup analysis.
Results: Seventy-two NSCLC patients in total were included in this pooled analysis. The objective response rate (ORR) for osimertinib treatment was 57.0%, with a median PFS of 7.1 months. Twenty-eight patients received osimertinib as first-line therapy with an ORR of 67.9%, which was higher than that in patients who received osimertinib as second- or later-line therapy, and their response rate was 50%, nevertheless, no statistically significant differences were found (p = 0.139). However, patients who received first-line osimertinib showed a more significant PFS benefit than those who received second- or later-line therapy (mPFS: 16.8 months vs 6.0 months HR: 2.453, 95%CI: 1.285-4.682, p =0.004). Subgroup analysis showed that patients with a single, non-ex20ins, ucm-EGFRm displayed a superior efficacy advantage and favorable survival benefit following osimertinib treatment, with an ORR of 68.8% and an mPFS at 15.1 months. By contrast, patients with a multiple ucm-EGFRm that contain T790M exhibited the worst outcome of osimertinib treatment, with an ORR of 47.6% and an mPFS of only 3.6 months, respectively.
Conclusion: Patients with um-EGFRms exhibit favorable but inconsistent responses and survival outcomes following osimertinib treatment, which is closely related to the mutation pattern and cooccurring partner mutant genes. Administering osimertinib for the treatment of patients with um-EGFRm might be considered an effective treatment option in some circumstances.
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1 INTRODUCTION
Epidermal growth factor receptor (EGFR) mutation is one of the main oncogenic drivers of non-small-cell lung cancer (NSCLC) (Rosell et al., 2009; D'Angelo et al., 2011). Deletion of exon 19 (19del) and point mutations of L858R in exon 21 represent approximately 80%–90% of EGFR mutations and are considered to be common and sensitive mutations of the EGFR (Rosell et al., 2009; D'Angelo et al., 2011; Sharma et al., 2007). Numerous clinical trials have proved that, compared to conventional platinum-based chemotherapy, epidermal growth factor receptor-tyrosine kinase inhibitors (EGFR-TKIs) produce better objective response rates (ORR) and progression-free survival (PFS), as well as overall survival (OS) (Mitsudomi et al., 2010; Zhou et al., 2011; Wu et al., 2014; Yang et al., 2014; Paz-Ares et al., 2017; Soria et al., 2018; Ramalingam et al., 2020). Additionally, other types of EGFR mutations, called uncommon EGFR mutations (ucm-EGFRms), were also been found, and account for approximately 10%–15% of EGFR mutations (Russo et al., 2019; John et al., 2022). Owing to the very small sample size and a high degree of heterogeneity, the effectiveness of EGFR-TKIs in patients having um-EGFRms remains uncertain (Russo et al., 2019; Zhang et al., 2020; John et al., 2022).
Osimertinib is the first third-generation EGFR-TKI that was approved by the Food and Drug Administration (FDA) as a treatment for advanced NSCLC patients who harbor common EGFR mutations (Cross et al., 2014; Mok et al., 2017). Currently, data concerning the clinical effectiveness of osimertinib in NSCLC patients harboring ucm-EGFRms are still limited. Hence, we performed this pooled analysis to investigate the clinical effectiveness and prognosis of applying osimertinib in NSCLC patients with ucm-EGFRms, so as to provide a reference for clinicians to formulate individualized and precise treatment plans for patients with ucm-EGFRms, especially in special populations.
2 METHODS
2.1 Search strategy and study eligibility
An online literature search was conducted in the NCBI PubMed database to identify relevant articles. The following keywords were used: uncommon, mutation, osimertinib, AZD9291, EGFR, and NSCLC (the detailed search strategy is shown in the supplemental material). The titles and abstracts of the searched relevant articles were screened independently by two authors, and a second screening of the full-text articles was also conducted. Inclusion criteria were: 1) prospective and retrospective research, case or case series reports, as well as letters to the editor that focused on patients with EGFR mutation; 2) studies in which patients carried uncommon mutations in EGFR and received osimertinib in any treatment line; 3) studies with data on treatment outcomes.
2.2 Data extraction
Data for each study were collected on age, gender, smoking history, tumor stage, mutation type, brain metastasis state before osimertinib therapy, and treatment outcomes. Response to osimertinib, also known as a complete response, partial response, stable or progressive disease. Complete response and partial response were defined as the objective response (OR). The clinical outcomes include ORR and PFS.
2.3 Exploratory analysis
EGFR exon 20 insertions (ex20ins) mutations have low sensitivity to first- and second-generation EGFR-TKIs and the Food and Drug Administration (FDA) has approved amivantamab as a therapy for patients who have an EGFR ex20in mutations. We have great interest in the outcomes of osimertinib for those patients. In addition, osimertinib works well in patients with T790M mutations, but its effectiveness for patients with a combination of ucm-EGFRms is unclear. Therefore, we conducted an exploratory subgroup analysis of treatment response and survival for different ucm-EGFRms patterns: Group A for exon 20ins mutations, Group B for other single ucm-EGFRms, Group C for multiple ucm-EGFRms that contain T790M mutations, and Group D for multiple ucm-EGFRms that without containing T790 M mutations.
2.4 Statistical analysis
Comparisons of efficacy were conducted by chi-square analysis, with odds ratios (ORa) and 95% confidence intervals (CI) calculated using a logistic regression model. A Kaplan-Meier technique (log-rank tests) was used to estimate the PFS, while a Cox proportional hazards model was used to compute the hazard ratio (HR) and 95 %CI. Univariate logistic regression model and Cox proportional hazards model were performed to compare the efficacy and prognosis of different mutation subgroups, with ORas and HRs as well as 95% CI were calculated, respectively. Statistical significance was determined by a p-value less than 0.05 for two-sided tests. SPSS 23.0 program (SPSS Inc., Chicago, IL, United States) was used for the analysis.
3 RESULTS
3.1 Search results
From the PubMed database, 397 potentially relevant articles were identified. Three hundred and seventy-four records were left after removing duplicates. By reading the titles and abstracts of the articles, 154 were excluded, including 59 non-clinical researches as well as 95 articles unrelated to osimertinib. The full texts of the remaining 220 articles were reviewed. An additional 181 articles were excluded since 69 focused on common EGFR mutations and 112 did not provide any efficacy or PFS data. Ultimately, 39 articles fulfilled the inclusion criteria and an additional five articles were determined by searching the reference lists of these full texts. Overall, forty-four articles were selected for inclusion in this pooled analysis (Supplementary Figure S1). The articles included in this research are presented in Supplementary Table 1.
3.2 Patient characteristics and epidermal growth factor receptor mutation analysis
Seventy-two patients were enrolled in this pooled analysis, at a median age of 61 years and an age range of 25–83 years, of whom 44 (61.1%) were female and 28 (38.9%) were male; the majority of them were at stage IV (68,94.4%), and approximately half of them (37,51.4%) had brain metastases before OSI treatment; 32 patients carried a single mutation, while the other 40 patients carried multiple mutations (Table 1). In these 72 patients, there were 44 kinds of ucm-EGFRm types. As shown in Supplementary Figure S2, the highest frequency was 20ins, with 16 cases, accounting for 22.2%, followed by 19 del variants, with 9 cases (12.5%), L858R/T854A, with 3 cases (4.2%), L747P, with 2 cases (2.8%), L858R/T790L, with 2 cases (2.8%), and L858R/T790M/L833V, with 2 cases (2.8%). The remaining mutation types all occurred in one case, each accounting for 1.4%, and these types included mutations such as G719S, H733L, S768I, G719X/S768I, and H773L/V774M.
TABLE 1 | Baseline characteristics.
[image: Table 1]3.3 Efficacy and PFS
In terms of the efficacy of osimertinib, of these seventy-two patients, two experienced a complete response (2.8%), thirty-nine experienced a partial response (54.2%), and eighteen experienced stable disease (25.0%), and thirteen experienced disease progression (18.1%). (Table 1). Altogether, the ORR for osimertinib treatment was 57.0% in all cohort patients. Twenty-eight patients who received osimertinib as first-line therapy had an ORR of 67.9%, which was higher than that of the remaining 44 patients who received osimertinib as second- or later-line therapy, and their response rate was 50%. Nevertheless, the difference between them was not statistically significant (ORa: 0.474, 95% CI: 0.176–1.274, p =0.139). In addition, patients who harbored a single ucm-EGFRm had an ORR of 62.5%, showing a slight favorable advantage over patients with multiple ucm-EGFRms, with an ORR of 52.5%; however, there were still no significant differences (ORa: 0.663, 95% CI: 0.257–1.710, p =0.395). Furthermore, there was no correlation between efficacy and age (p =0.500), gender (p =0.153), smoking history (p =0.333), brain metastatic state (p =0.412), or tumor stage (p =0.774). (Figure 1).
[image: Figure 1]FIGURE 1 | Univariate analysis for treatment response. There was no correlation between efficacy and age, gender, smoking history, brain metastatic state, tumor stage, mutation number, and OSI lines. BM: brain metastases; OSI: osimertinib.
All patients in the group had a median PFS of 7.1 months. Patients who underwent first-line treatment of osimertinib had an mPFS of 16.8 months, which was substantially higher than the mPFS of 6.0 months for those who got second- or later-line therapy (HR: 2.453, 95%CI: 1.285–4.682, p =0.004) (Figure 2, Supplementary Figure S3C). In addition, patients who presented an objective response to osimertinib had a considerably superior PFS than those who did not, with mPFS values of 10.0 and 3.5 months, respectively. (HR: 2.021, 95%CI: 1.154–3.537, p =0.014) (Figure 2, Supplementary Figure S3D). However, in terms of brain metastasis status, although the mPFS in patients without brain metastases before treatment with osimertinib was more than twice as high as that in those suffering from brain metastases (13.5 months versus 6.4 months) and the Kaplan–Meier curves also showed a trend favoring patients without brain metastases, however, there was no statistically significant difference between them. (p = 0.055) (Supplementary Figure S3A). In addition, there was no significant difference in PFS between patients with single or multiple ucm-EGFRms (Supplementary Figure S3B).
[image: Figure 2]FIGURE 2 | Univariate analysis for progression-free survival (PFS). First-line osimertinib and having an objective tumor response are associated with long PFS. BM: brain metastases; OSI: osimertinib.
3.4 Exploratory analysis
Patients in Group B had the best response to osimertinib, with an ORR of 68.8% and a median PFS of 15.1 months, according to subgroup analysis. Followed by group D, with an ORR of 57.9% and an mPFS of 16.1 months. In contrast, the efficacy of osimertinib and prognoses was worst for patients in Group C, with an ORR of 47.6% and an mPFS of only 3.6 months, respectively (Figure 3 and Figure 4). Although the ORR varied between the groups (47.6%–68.8%), when a one-by-one comparison was conducted, the difference was not statistically significant (all p > 0.05) (Figure 5). Regarding the PFS, Group B showed a significantly higher PFS than Groups A and C (p =0.012, p <0.001, respectively), but the difference from that of Group D was not statistically significant (p =0.298). Additionally, PFS differences between Group C with Groups B (p <0.001) and D (p <0.001) were statistically significant. However, when compared with Group A, the differences were not statistically significant, although a tendency in favor of group A was revealed (p =0.086) (Figure 5). The PFS of each patient and the efficacy of osimertinib in different groups are shown in Figure 3.
[image: Figure 3]FIGURE 3 | Odds ratio (ORa)with 95% CI for objective response rate (ORR) (blue)and hazard ratio (HR)with 95% CI for progression-free survival (PFS) (green) in subgroup analysis according to mutation patterns (OR and HR was set by column versus row). (Group (A): exon 20 insertions; Group (B): other single ucm-EGFRms; Group (C): multiple ucm-EGFRms that with T790M; Group (D): multiple ucm-EGFRms that without T790M).
[image: Figure 4]FIGURE 4 | Kaplan-Meier curves for PFS in subgroup analysis according to mutation patterns. mumEGFRT790M+: multiple ucm-EGFRms that with T790M; mumEGFRT790M−: multiple ucm-EGFRms that without T790M.
[image: Figure 5]FIGURE 5 | Tumor response and progression-free survival (PFS) of each individual patient as well as overall tumor objective response rate and median PFS for each subgroup (Group (A), exon 20 insertions; Group (B), other single ucm-EGFRms; Group (C), multiple ucm-EGFRms that with T790M; Group (D), multiple ucm-EGFRms that without T790M).
4 DISCUSSION
The present study showed the largest sample size and most comprehensive analysis of clinical outcomes of osimertinib-treated NSCLC patients with ucm-EGFRms. The ORR was 57.0%, and the mPFS was 7.1 months after receiving osimertinib. The ORR and mPFS following first-line osimertinib treatment were both superior to those of patients receiving second- or later-line therapies, with the ORR and mPFS being 67.9% and 16.8 months, respectively. We also reported better response rates as well as an encouraging progression-free survival benefit in those who harbor a non-ex20ins, single ucm-EGFRm. In addition, patients carrying multiple ucm-EGFRms with T790 M simultaneously exhibited lower sensitivity to osimertinib.
The clinicopathological characteristics of uncommon and common EGFR mutations have been demonstrated to be similar, in comparison to common EGFR mutations, however, ucm-EGFRms are less sensitive and responsive to EGFR-TKI therapy (Russo et al., 2019; John et al., 2022). Patients with NSCLC harboring ucm-EGFRm had a poorer response, lower ORR, and shorter PFS than patients with 19del/L858R after receiving EGFR-TKIs (Wu et al., 2011; Watanabe et al., 2014; Yang et al., 2015; Yang et al., 2020). The ORR was 47.5%, with an mPFS at 5.0 months, according to a retrospective analysis of 61 patients with ucm-EGFRms who received first-generation EGFR-TKIs (Wu et al., 2011). Moreover, a post hoc examination of the NEJ002 clinical studies revealed that the ORR in patients with ucm-EGFRms who received gefitinib was only 20.0%, with an mPFS of 2.20 months (Watanabe et al., 2014). For patients treated with afatinib, a post-hoc examination of the data from the LUX-Lung 2, 3, and six clinical studies revealed that patients with ucm-EGFRms other than T790M and ex20ins following first-line afatinib had an ORR of 71.0%, with an mPFS at 10.7 months (95% CI: 5.6–14.7 months) following first-line afatinib (Yang et al., 2015). Another study evaluated the clinical therapeutic effectiveness of afatinib in 315 patients who carried ucm-EGFRms in randomized clinical trials or real-world cases. The results showed that patients treated with afatinib who harbored major ucm-EGFRms and harbored multiple ucm-EGFRms had ORRs of 60.0% and 77.1%, accordingly, with corresponding median times to treatment failure were 10.8 months and 14.7 months (Yang et al., 2020). Recently, a phase II clinical trial with a small sample of NSCLC patients harboring ucm-EGFRms indicated that osimertinib exhibited clinical activity against ucm-EGFRms. There are 36 patients who received the treatment of osimertinib and presented an ORR of 50.0% and a corresponding mPFS of 8.2 months (Cho et al., 2020). Our findings were similar to those of prior research in which 72 patients were treated with osimertinib, with ORR and mPFS of 57.0 percent and 7.1 months. In addition, a retrospective study reported that patients harboring ucm-EGFRms who received osimertinib for first-line treatment had a median time on osimertinib of 8.9 months (95% CI, 7.0–10.8 months), superior to that of the overall cohort (7.1 m, 95% CI, 5.4–8.8 months) (Ji et al., 2020). In the current research, osimertinib was used as first-line treatment in 28 patients, with an ORR of 67.9% and a median PFS of 16.8 months, both superior to those of patients treated in second- or later-line therapy as well as those of the overall cohort. Nevertheless, due to the low mutation frequency as well as high heterogeneity of this category of mutations, currently, available clinical data on the efficacy of osimertinib are insufficient and require further elucidation and validation. Notably, there are several ongoing phase II clinical trials aimed at evaluating the efficiency of osimertinib against ucm-EGFRms (NCT03434418; NCT03191149; NCT13414814).
Data from clinical trials and real-world research reveal that patients with ucm-EGFRms exhibit inconsistent responses and survival outcomes following EGFR-TKI treatment that are closely related to the mutation pattern and the cooccurring partner mutant genes (Russo et al., 2019; John et al., 2022). Therefore, we conducted a subgroup analysis to look into the differences in osimertinib efficacy and the resulting prognoses of patients with different ucm-EGFRm types to identify which, if any, potential subcohort of patients who are more likelihood to experience gains from osimertinib. Ex20ins are the third most frequent EGFR mutation, representing about 10–12% of all EGFR mutations (Russo et al., 2019). However, due to its induction of steric hindrance at the drug-binding pocket, most of the EGFR proteins harboring these mutations are relatively insensitive to first- or second-generation EGFR-TKIs (Russo et al., 2019; John et al., 2022). A retrospective study including 21 patients with ex20ins reported an ORR of 5.0% and an mPFS of 3.6 months (95% CI: 2.6–4.5 mo), respectively, after patients received osimertinib (20 of 80 mg/day and one of 160 mg/day) (van Veggel et al., 2020). A phase II clinical study (NCT03414814) reported similar survival data: the mPFS was 3.5 months in patients with ex20ins who received osimertinib (Kim et al., 2019). In the present research, 16 patients carrying ex20ins who received osimertinib presented an ORR of 56.3% and an mPFS of 5.1 months, which are higher than the values reported above. Surprisingly, a recent small sample phase II trial (ECOG-ACRIN 5162) showed that a high dose of osimertinib of 160 mg daily yielded better outcomes in patients harboring ex20ins, with an ORR of 25.0%, an mPFS at 9.7 months (Piotrowska et al., 2020). Another phase II trial (POSITION20) demonstrated the effectiveness of applying 160 mg daily of osimertinib in patients harboring ex20ins with an ORR of 27.0% and mPFS of 5.5 months (Zwierenga et al., 2021). The above data may indicate that high doses of osimertinib may overcome the intrinsic resistance of ex20ins. Nevertheless, considering the limited sample size and the great variability of ex20ins, the clinical benefit of this approach for this group of patients requires further elucidation. Encouragingly, in contrast to ex20ins, osimertinib showed promising efficacy in patients with other types of single ucm-EGFRmuts in this study, with an ORR of 68.8% and mPFS of 15.1 months. Previous studies have demonstrated the efficacy of osimertinib in patients with several certain types of ucm-EGFRms. For example, in the KCSG-LU15-09 trial, patients carrying G719X, S768I, and L861Q had ORRs of 53.0%, 78.0%, and 38.0% after osimertinib treatment, respectively, with corresponding median PFS times of 8.2, 15.2, and 12.3 months, respectively, which represents the best-demonstrated efficacy of osimertinib in patients with single, non-ex20ins, ucm-EGFRms (Cho et al., 2020). Consistently, a multicenter retrospective study also reported favorable efficacy of osimertinib in patients carrying the L861Q and G719X mutations, with median durations on first-line osimertinib at 19.3 months and 5.8 months, respectively (Ji et al., 2020). Moreover, preclinical studies and clinical data from real-world cases or case series have also confirmed the effectiveness of osimertinib against G719X, L861Q, and S768I (Floc'h et al., 2020; Bar et al., 2021). Therefore, it might be considered an effective treatment option to apply osimertinib to treat patients with single, non-ex20ins, ucm-EGFRms, particularly those with G719X, L861Q, and S768I, in some circumstances.
T790M mutation is the primary mechanism of drug resistance for first- or second-generation EGFR-TKIs (Westover et al., 2018). Osimertinib is irreversible EGFR-TKI that demonstrated selective inhibition of both the sensitive mutation 19del/L858R as well as the T790 M resistance mutation (Cross et al., 2014). It is currently approved for the treatment of T790M-mutated advanced NSCLC patients who experienced disease progression during the treatment of first-line EGFR-TKIs (Mok et al., 2017). However, there are limited data on the effectiveness of osimertinib in the treatment of T790M-positive patients with ucm-EGFRms. In this research, 21 patients carried multiple ucm-EGFRms that contained T790M, with an ORR of 47.6% and an mPFS of 3.6 months, the lowest values observed for all subgroups. In contrast, patients with multiple ucm-EGFRms without T790M showed favorable outcomes, with an ORR of 60.0% and an mPFS of 12.1 months, which is even comparable to the outcomes in the Phase III AURA clinical trial (Mok et al., 2017). These findings are consistent with previous studies in which osimertinib demonstrated inferior efficacy in patients with multiple ucm-EGFRms that contained T790M. The UNICORN case series reported nine patients with the T790M mutation (5 with 19del/L858R) treated with osimertinib, with an ORR of 33.3%, which was lower than that in the overall cohort (Bar et al., 2021). Moreover, Si et al. reported an even lower ORR of only 10% in 11 patients carrying the T790M mutation who were treated with osimertinib (Si et al., 2021). Additionally, the real-world study ASTRIS (NCT02474355) also concluded that patients with ucm-EGFRms containing T790M had a poorer response to osimertinib, with a lower ORR and shorter PFS (Cheema et al., 2019). In brief, for patients with multiple ucm-EGFRms that contain T790M, given the wide heterogeneity of ucm-EGFRms and the limited clinical data available, clinicians should make prudent clinical decisions based on complete comprehension of the sensitivity and resistance of known mutated genes, especially concurrent partner mutations.
Brain metastasis (BM) is a common occurrence in advanced NSCLC patients and has a massive effect on their prognosis and quality of life. Preclinical investigations have demonstrated that osimertinib has a stronger blood-brain barrier penetration capability than first- and second-generation EGFR-TKIs (Ballard et al., 2016). This finding was also demonstrated by clinical trials where osimertinib showed favorable intracranial efficacy and significant improvement in central nervous system (CNS) remission rates (Reungwetwattana et al., 2018; Ahn et al., 2020). The correlation between pretreatment BM status and osimertinib efficacy was investigated in this study. The data demonstrated a trend in favor of patients without BMs, but the difference was not statistically significant, despite the fact that patients without BMs had an mPFS that was more than twice that of patients with BMs. This result is in line with the findings of phase II clinical research (KCSG-LU15-09) indicating that patients with central nervous system metastases had a shorter mPFS than those without (5.4 months versus 9.8 months); in addition, in the five patients with evaluable central nervous system response, the intracranial ORR was 40% (Cho et al., 2020). This finding may indicate that osimertinib alone may have limited efficacy in treating brain metastasis in patients with ucm-EGFRms.
This research has several inevitable limitations. To begin with, this is a re-analysis based on published research. This may be affected by, such as selection bias, publication bias, and other uncontrollable confounding factors. Secondly, limited by the sample size, the efficacy of osimertinib alone in the treatment of brain metastases in patients with ucm-EGFRms remains to be further validated in clinical practice. In addition, due to the variability of the included articles, there were not enough data for comparison of drug toxicity and side effects. Therefore, further large-scale, randomized controlled clinical research is necessary to validate the findings.
5 CONCLUSION
In summary, osimertinib treatment exhibits favorable but inconsistent efficacy in patients with ucm-EGFRms, which is closely related to the mutation pattern and the cooccurring partner mutant genes. NSCLC patients carrying ucm-EGFRms could be classified into various sub-cohorts that displayed different responses and survival outcomes following osimertinib treatment, which requires further clinical studies for verification.
DATA AVAILABILITY STATEMENT
The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.
ETHICS STATEMENT
The studies involving human participants were reviewed and approved by The ethics committee of Yantai Yuhuangding Hospital. Written informed consent for participation was not required for this study in accordance with the national legislation and the institutional requirements.
AUTHOR CONTRIBUTIONS
SH: Methodology, Software, Writing-Original Draft Preparation; CW: Methodology, Software, Writing-Original Draft Preparation; CW: Formal Analysis, Software, Writing-Original Draft Preparation; KZ: Software, Formal Analysis; ZW: Resources, Writing-Review and Editing, Supervision, Project Administration; WD: Writing-Review and Editing, Supervision, Resources, Project Administration.
FUNDING
This study is supported by the Natural Science Foundation of Shandong Province (No. ZR2020QH204), the Yantai Policy Guidance Project (2021YD023), and the Yantai Science and Technology Bureau Support Grant/Science and Technology Innovation Development Project (2020MSGY085).
ACKNOWLEDGMENTS
This analysis is a re-analysis of published articles; the included articles are listed in the supplement table and we thank the authors of these articles for their works.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fphar.2022.986962/full#supplementary-material
Supplementary Figure S1 | Flow chart of the study process. Overall, forty-four articles were selected for inclusion in this pooled analysis.
Supplementary Figure S2 | The composition of uncommon EGFR mutations (n=72). The number and percentage of the top 6 uncommon EGFR mutations are shown, and mutations with lower frequencies are listed below, each of which has only one patient, accounting for 1.4%.
Supplementary Figure S3 | Kaplan-Meier curves for progression-free survival (PFS) according to brain metastases (BM) status before OSI (A), mutation number (B), OSI-lines (C), and treatment response (D). BM: brain metastases; OSI: osimertinib.
REFERENCES
 Ahn, M. J., Chiu, C. H., Cheng, Y., Han, J. Y., Goldberg, S. B., Greystoke, A., et al. (2020). Osimertinib for patients with leptomeningeal metastases associated with EGFR T790M-positive advanced NSCLC: The AURA leptomeningeal metastases analysis. J. Thorac. Oncol. 15, 637–648. doi:10.1016/j.jtho.2019.12.113
 Ballard, P., Yates, J. W., Yang, Z., Kim, D. W., Yang, J. C., Cantarini, M., et al. (2016). Preclinical comparison of osimertinib with other EGFR-TKIs in EGFR-mutant NSCLC brain metastases models, and early evidence of clinical brain metastases activity. Clin. Cancer Res. 22, 5130–5140. doi:10.1158/1078-0432.Ccr-16-0399
 Bar, J., Kian, W., Wolner, M., Derijcke, S., Girard, N., Rottenberg, Y., et al. (2021). 1206P UNcommon EGFR mutations: International Case series on efficacy of Osimertinib in Real-life practice in first-liNe setting (UNICORN). Ann. Oncol. 32, S961–S962. doi:10.1016/j.annonc.2021.08.1811
 Cheema, P., Passaro, A., Martin, C., Tiseo, M., Park, K., Chang, G., et al. (2019). P2.14-59 osimertinib in EGFR T790M advanced NSCLC: Analysis of uncommon/complex EGFR mutations in a real-world study (ASTRIS). J. Thorac. Oncol. 14, S854. Abstract retrieved from International Association for the Study of Lung Cancer (IASLC) (Poster sessions. P2.14-59). doi:10.1016/j.jtho.2019.08.1844
 Cho, J. H., Lim, S. H., An, H. J., Kim, K. H., Park, K. U., Kang, E. J., et al. (2020). Osimertinib for patients with non-small-cell lung cancer harboring uncommon EGFR mutations: A multicenter, open-label, phase II trial (KCSG-LU15-09). J. Clin. Oncol. 38, 488–495. doi:10.1200/jco.19.00931
 Cross, D. A., Ashton, S. E., Ghiorghiu, S., Eberlein, C., Nebhan, C. A., Spitzler, P. J., et al. (2014). AZD9291, an irreversible EGFR TKI, overcomes T790M-mediated resistance to EGFR inhibitors in lung cancer. Cancer Discov. 4, 1046–1061. doi:10.1158/2159-8290.CD-14-0337
 D'Angelo, S. P., Pietanza, M. C., Johnson, M. L., Riely, G. J., Miller, V. A., Sima, C. S., et al. (2011). Incidence of EGFR exon 19 deletions and L858R in tumor specimens from men and cigarette smokers with lung adenocarcinomas. J. Clin. Oncol. 29, 2066–2070. doi:10.1200/JCO.2010.32.6181
 Floc'h, N., Lim, S., Bickerton, S., Ahmed, A., Orme, J., Urosevic, J., et al. (2020). Osimertinib, an irreversible next-generation EGFR tyrosine kinase inhibitor, exerts antitumor activity in various preclinical NSCLC models harboring the uncommon EGFR mutations G719X or L861Q or S768I. Mol. Cancer Ther. 19, 2298–2307. doi:10.1158/1535-7163.MCT-20-0103
 Ji, J., Aredo, J. V., Piper-Vallillo, A., Huppert, L., Rotow, J. K., Husain, H., et al. (2020). Osimertinib in non-small cell lung cancer (NSCLC) with atypical EGFR activating mutations: A retrospective multicenter study. J. Clin. Oncol. 38, 9570. doi:10.1200/JCO.2020.38.15_suppl.9570
 John, T., Taylor, A., Wang, H., Eichinger, C., Freeman, C., and Ahn, M. J. (2022). Uncommon EGFR mutations in non-small-cell lung cancer: A systematic literature review of prevalence and clinical outcomes. Cancer Epidemiol. 76, 102080. doi:10.1016/j.canep.2021.102080
 Kim, T. M., Ock, C. Y., Kim, M., Kim, S. H., Keam, B., Kim, Y. J., et al. (2019). Phase II study of osimertinib in NSCLC patients with EGFR exon 20 insertion mutation: A multicenter trial of the Korean cancer study group (LU17-19). Ann. Oncol. 30, v628. Abstract retrieved from European Society for Medical Oncology (ESMO). doi:10.1093/annonc/mdz260.051
 Mitsudomi, T., Morita, S., Yatabe, Y., Negoro, S., Okamoto, I., Tsurutani, J., et al. (2010). Gefitinib versus cisplatin plus docetaxel in patients with non-small-cell lung cancer harbouring mutations of the epidermal growth factor receptor (WJTOG3405): an open label, randomised phase 3 trial. Lancet. Oncol. 11, 121–128. doi:10.1016/s1470-2045(09)70364-x
 Mok, T. S., Wu, Y. L., Ahn, M. J., Garassino, M. C., Kim, H. R., Ramalingam, S. S., et al. (2017). Osimertinib or platinum-pemetrexed in EGFR T790M-positive lung cancer. N. Engl. J. Med. 376, 629–640. doi:10.1056/NEJMoa1612674
 Paz-Ares, L., Tan, E. H., O'Byrne, K., Zhang, L., Hirsh, V., Boyer, M., et al. (2017). Afatinib versus gefitinib in patients with EGFR mutation-positive advanced non-small-cell lung cancer: overall survival data from the phase IIb LUX-lung 7 trial. Ann. Oncol. 28, 270–277. doi:10.1093/annonc/mdw611
 Piotrowska, Z., Wang, Y., Sequist, L. V., and Ramalingam, S. S. (2020). ECOG-ACRIN 5162: A phase II study of osimertinib 160 mg in NSCLC with EGFR exon 20 insertions. J. Clin. Oncol. 38, 9513. doi:10.1200/JCO.2020.38.15_suppl.9513
 Ramalingam, S. S., Vansteenkiste, J., Planchard, D., Cho, B. C., Gray, J. E., Ohe, Y., et al. (2020). Overall survival with osimertinib in untreated, EGFR-mutated advanced NSCLC. N. Engl. J. Med. 382, 41–50. doi:10.1056/NEJMoa1913662
 Reungwetwattana, T., Nakagawa, K., Cho, B. C., Cobo, M., Cho, E. K., Bertolini, A., et al. (2018). CNS response to osimertinib versus standard epidermal growth factor receptor tyrosine kinase inhibitors in patients with untreated EGFR-mutated advanced non-small-cell lung cancer. J. Clin. Oncol. 36, 3290–3297. doi:10.1200/jco.2018.78.3118
 Rosell, R., Moran, T., Queralt, C., Porta, R., Cardenal, F., Camps, C., et al. (2009). Screening for epidermal growth factor receptor mutations in lung cancer. N. Engl. J. Med. 361, 958–967. doi:10.1056/NEJMoa0904554
 Russo, A., Franchina, T., Ricciardi, G., Battaglia, A., Picciotto, M., and Adamo, V. (2019). Heterogeneous responses to epidermal growth factor receptor (EGFR) tyrosine kinase inhibitors (TKIs) in patients with uncommon EGFR mutations: New insights and future perspectives in this Complex clinical scenario. Int. J. Mol. Sci. 20, E1431. doi:10.3390/ijms20061431
 Sharma, S. V., Bell, D. W., Settleman, J., and Haber, D. A. (2007). Epidermal growth factor receptor mutations in lung cancer. Nat. Rev. Cancer 7, 169–181. doi:10.1038/nrc2088
 Si, J., Gu, X., Wang, W., Ying, S., and Song, Z. (2021). Clinical outcomes of lung adenocarcinoma patients harboring uncommon epidermal growth factor receptor (EGFR) mutations treated with EGFR-tyrosine kinase inhibitors (TKIs). Ann. Palliat. Med. 11, 1623–1634. doi:10.21037/apm-21-2828
 Soria, J. C., Ohe, Y., Vansteenkiste, J., Reungwetwattana, T., Chewaskulyong, B., Lee, K. H., et al. (2018). Osimertinib in untreated EGFR-mutated advanced non-small-cell lung cancer. N. Engl. J. Med. 378, 113–125. doi:10.1056/NEJMoa1713137
 van Veggel, B., Madeira, R. S. J. F. V., Hashemi, S. M. S., Paats, M. S., Monkhorst, K., Heideman, D. A. M., et al. (2020). Osimertinib treatment for patients with EGFR exon 20 mutation positive non-small cell lung cancer. Lung Cancer 141, 9–13. doi:10.1016/j.lungcan.2019.12.013
 Watanabe, S., Minegishi, Y., Yoshizawa, H., Maemondo, M., Inoue, A., Sugawara, S., et al. (2014). Effectiveness of gefitinib against non-small-cell lung cancer with the uncommon EGFR mutations G719X and L861Q. J. Thorac. Oncol. 9, 189–194. doi:10.1097/jto.0000000000000048
 Westover, D., Zugazagoitia, J., Cho, B. C., Lovly, C. M., and Paz-Ares, L. (2018). Mechanisms of acquired resistance to first- and second-generation EGFR tyrosine kinase inhibitors. Ann. Oncol. 29, i10–i19. doi:10.1093/annonc/mdx703
 Wu, J. Y., Yu, C. J., Chang, Y. C., Yang, C. H., Shih, J. Y., and Yang, P. C. (2011). Effectiveness of tyrosine kinase inhibitors on "uncommon" epidermal growth factor receptor mutations of unknown clinical significance in non-small cell lung cancer. Clin. Cancer Res. 17, 3812–3821. doi:10.1158/1078-0432.CCR-10-3408
 Wu, Y.-L., Zhou, C., Hu, C.-P., Feng, J., Lu, S., Huang, Y., et al. (2014). Afatinib versus cisplatin plus gemcitabine for first-line treatment of asian patients with advanced non-small-cell lung cancer harbouring EGFR mutations (LUX-Lung 6): an open-label, randomised phase 3 trial. Lancet. Oncol. 15, 213–222. doi:10.1016/s1470-2045(13)70604-1
 Yang, J. C. H., Sequist, L. V., Geater, S. L., Tsai, C.-M., Mok, T. S. K., Schuler, M., et al. (2015). Clinical activity of afatinib in patients with advanced non-small-cell lung cancer harbouring uncommon EGFR mutations: a combined post-hoc analysis of LUX-lung 2, LUX-lung 3, and LUX-lung 6. Lancet Oncol. 16, 830–838. doi:10.1016/s1470-2045(15)00026-1
 Yang, J. C., Schuler, M., Popat, S., Miura, S., Heeke, S., Park, K., et al. (2020). Afatinib for the treatment of NSCLC harboring uncommon EGFR mutations: A database of 693 cases. J. Thorac. Oncol. 15, 803–815. doi:10.1016/j.jtho.2019.12.126
 Yang, J. C., Wu, Y. L., Chan, V., Kurnianda, J., Nakagawa, K., Saijo, N., et al. (2014). Epidermal growth factor receptor mutation analysis in previously unanalyzed histology samples and cytology samples from the phase III Iressa Pan-ASia Study (IPASS). Lung Cancer 83, 174–181. doi:10.1016/j.lungcan.2013.11.021
 Zhang, Q., Cui, Y., Zhang, J., Kenjiabieke, J., and Aerxiding, P. (2020). Comparison of the characteristics of uncommon epidermal growth factor receptor (EGFR) mutations and EGFR-tyrosine kinase inhibitor treatment in patients with non-small cell lung cancer from different ethnic groups. Exp. Ther. Med. 19, 3513–3520. doi:10.3892/etm.2020.8612
 Zhou, C., Wu, Y.-L., Chen, G., Feng, J., Liu, X.-Q., Wang, C., et al. (2011). Erlotinib versus chemotherapy as first-line treatment for patients with advanced EGFR mutation-positive non-small-cell lung cancer (OPTIMAL, CTONG-0802): a multicentre, open-label, randomised, phase 3 study. Lancet. Oncol. 12, 735–742. doi:10.1016/s1470-2045(11)70184-x
 Zwierenga, F., Veggel, B. v., Hendriks, L. E. L., Hiltermann, T. J. N., Hiddinga, B. I., Hijmering, L. B. M., et al. (2021). High dose osimertinib in patients with advanced stage EGFR exon 20 mutation-positive NSCLC: results from the phase 2 multicenter POSITION20 trial. Ann. Oncol. 32, S949–S1039. doi:10.1016/annonc/annonc729
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2022 Hu, Wang, Wang, Zhao, Wang and Dong. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fphar-13-986962-g005.gif
WY

)\m\w\\\






OPS/images/fphar-13-986962-t001.jpg
Characteristics

No. (n =72)

Percentage (%)

Age
<65

Gender
Male
Female
Smoking
Yes
No
NA
Stage
11
\%
BM before OSI
Yes
No
N/A
Mutation number
Single
Multiple
O8I lines
1L
2L
Response to TKI
CR
PR
D
PD
PES

median

45
27

28
44

23
41

68

37

31

32

40

28

44

39
18
13

71m

62.5
375

389
61.1

319
569

56
944

514
43.1
56

444
55.6

389
61.1

28

542
250
181

M- ot svailikle BM. brain metastases: 81 osimertinib: §: Eae.





OPS/images/fphar-13-986962-g003.gif
A | oswemoms | smcanss
ursm | oo e
s | owes | smamoan






OPS/images/fphar-13-986962-g004.gif





OPS/xhtml/nav.xhtml
Contents

		Cover

		Insensitivity to T790M mutation? A pooled analysis of outcomes following osimertinib for the treatment of NSCLC patients harboring uncommon epidermal growth factor receptor mutation		1 Introduction

		2 Methods		2.1 Search strategy and study eligibility

		2.2 Data extraction

		2.3 Exploratory analysis

		2.4 Statistical analysis





		3 Results		3.1 Search results

		3.2 Patient characteristics and epidermal growth factor receptor mutation analysis

		3.3 Efficacy and PFS

		3.4 Exploratory analysis





		4 Discussion

		5 Conclusion

		Data availability statement

		Ethics statement

		Author contributions

		Funding

		Acknowledgments

		Publisher’s note

		Supplementary material

		References









OPS/images/cover.jpg
, frontiers | Frontiers in Pharmacology

Insensitivity to T/90M
mutation? A pooled analysis of
outcomes following osimertinib
for the treatment of NSCLC
patients harboring uncommon
epidermal growth factor
receptor mutation





OPS/images/fphar-13-986962-g001.gif





OPS/images/fphar-13-986962-g002.gif









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
& frontiers | Frontiers in Pharmacology





