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Background

Anti-PD-1 monotherapy is the standard therapy for advanced melanoma patients, including those with NRAS mutations. The influence of NRAS mutation on immunotherapy, especially in noncutaneous melanoma, is largely uncharacterized.



Materials and Methods

We analyzed clinical data of four clinical trials for advanced melanoma patients treated with anti-PD-1 monotherapy between 2016 and 2019. The impact of NRAS mutation on efficacy and outcome of immunotherapy were analyzed in cutaneous and noncutaneous groups separately.



Results

A total of 206 patients were assessed, including 92 cutaneous melanoma patients with 12 NRAS mutations and 114 noncutaneous melanoma patients with 21 NRAS mutations. In cutaneous melanoma, the response rates of NRAS mutant patients were lower than patients without NRAS mutations (9.5% vs. 23.9%), the median progression-free survival (PFS) and median overall survival (OS) were shorter for patients with NRAS mutations, although without significant difference for OS (P=0.081). In noncutaneous melanoma, the response rates were 0 and 13.7% for NRAS mutant and wild-type patients, the median PFS were 3.6 months (95% CI: 0.9-6.3) and 4.3 months (95%CI: 2.9-5.7) (P=0.015), and the median OS were 10.8 months (95% CI: 1.5-20.1) and 15.3 months (95% CI: 13.2-17.4) (P=0.025), respectively. In multivariate analysis, NRAS mutation, along with ECOG performance score and LDH level, was negatively associated with both PFS (HR 1.912, P=0.044) and OS (HR 2.210, P=0.025) in noncutaneous melanoma.



Conclusion

In advanced Asian melanoma treated with anti-PD-1 monotherapy, NRAS mutant patients had lower response rates and poorer prognoses compared to wild-type patients, especially in noncutaneous subtypes.
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Introduction

Cutaneous melanomas are classified into four genetic subtypes based on TCGA (The Cancer Genome Atlas): BRAF mutant, RAS mutant, NF1 mutant, and triple WT (wild-type) (1). The incidence of BRAF mutation is 35-50% in cutaneous melanoma, while the upstream NRAS mutation frequency is 15-20%. BRAF inhibitors in combination with MEK inhibitors are recommended as the standard treatment for BRAF mutant advanced melanoma (2). However, for NRAS mutant melanoma, MEK inhibitors and other targeted therapies are still under investigation. Binimetinib slightly improved progression-free survival (PFS) of NRAS mutant melanoma patients by 1.3 months compared to dacarbazine (2.8 vs. 1.5 months) in a phase III clinical trial (3). Immunotherapy is still the first-line recommendation for advanced NRAS mutant melanoma.

Melanoma patients from different ethnicities have distinct subtypes and genomic alterations. Instead of the predominant cutaneous subtype in Caucasians, acral melanoma and mucosal melanoma are the most common subtypes in non-Caucasians (4). Genomic differences are substantial across different races and subtypes. For example, KIT aberrations are more common in acral and mucosal melanoma (5). The frequencies of BRAF mutation and NRAS mutation are 23.7% and 10.4%, respectively, based on calculations in a large non-Caucasian population (6). The incidences of NRAS mutations in acral, mucosal, and cutaneous melanoma were 9.0%, 13.0%, and 10.8% respectively (6). Acral and mucosal subtypes were less responsive to immunotherapy than cutaneous melanoma in a series of studies (7–9) due to low tumor mutation burden and high proportion of copy number variations and chromosomal structure variations (10).

Some retrospective studies have investigated the response and outcome of immunotherapy for NRAS mutant melanoma. Studies of high-dose interleukin-2 (IL-2) and ipilimumab have reported increased objective response rates (ORRs) and improved overall survival (OS) in patients with NRAS mutations, although without significant differences (11, 12). Johnson et al. (13) showed the benefit of immunotherapy in advanced melanoma patients with NRAS mutation exceeded that in patients with wild-type melanoma, especially from anti-PD-1/PD-L1 antibodies (ORR 64% vs. 30%). In contrast, in a German analysis, immune checkpoint inhibitors yielded comparable response rates (21% vs. 13%, P=0.210) but inferior survival in NRAS mutant melanoma (14). Patients in these studies mainly had melanoma from cutaneous primary sites. However, the influence of NRAS mutation on the efficacy of immunotherapy in noncutaneous melanoma has not been extensively explored.

Therefore, we conducted this observational study by collecting information on patients with advanced NRAS mutant melanoma and wild-type patients who received immunotherapy. By analyzing the different responses to immunotherapy in patients with NRAS mutations between cutaneous and noncutaneous melanoma, we analyzed the association of NRAS mutation with immunotherapy outcome in Asian melanoma population and tried to identify potential treatment strategies for these patients.



Materials and Methods

We collected clinical data of advanced melanoma patients treated with anti-PD-1 monotherapy from four prospective clinical trials conducted in Peking University Cancer Hospital (NCT03013101, NCT02821000, NCT02738489, CTR20160872). The impact of NRAS mutation on efficacy and outcome of immunotherapy for advanced melanoma patients was analyzed among other clinical characteristics. This study was approved by the ethics committee of the Peking University Cancer Hospital. NRAS, BRAF, and KIT mutations were detected by PCR from formalin-fixed paraffin-embedded (FFPE) tissue. In this study, NRAS wild-type melanoma included patients with BRAF or KIT mutations.

All patients received anti-PD-1 antibody, including pembrolizumab, toripalimab, tislelizumab, and camrelizumab, as a systemic treatment for advanced disease in clinical trials. Toripalimab had an ORR of 17.3% in previously treated melanoma (7), with tislelizumab 15% (15) and camrelizumab 15.2% (yet to be published), which was consistent with 16.7% for pembrolizumab in a second-line setting of Keynote 151 trial (9) in Asian melanoma patients. Nivolumab was not involved because it had not been involved in clinical trials tested for melanoma in China. An ECOG (Eastern Cooperative Oncology Group) performance score of 0 or 1 was required. Prior chemotherapy or targeted therapy was allowed. Patients with no detailed demographic information or missing efficacy evaluation data and those unable to complete the treatment cycle for any reason were excluded.

Responses were evaluated using the Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1 and Immune-related Response Evaluation Criteria in Solid Tumors (irRECIST). Patients were allowed to continue on treatment when initially progressed per RECIST v1.1 but may benefit from the continuation of immunotherapy. Treatment continued until intolerable toxicities developed, a complete response (CR) was achieved, or a 2-year treatment course was completed. The objective of this study was to explore the impact of NRAS mutation on ORR, disease control rate (DCR), PFS, and OS in advanced melanoma patients who received anti-PD-1 monotherapy.

Given the distinct genomic alterations and response to immunotherapy between different subtypes, we divided the patient population into a cutaneous cohort and a noncutaneous cohort and analyzed these two cohorts separately. The cutaneous cohort included patients with melanoma arising from skin and unknown primary sites. Acral melanoma is one special subtype distinct from non-acral cutaneous melanoma. Therefore, we categorized acral and mucosal melanoma into the noncutaneous cohort.

Chi-square tests or Fisher’s exact tests were used for categorical data. Survival data were analyzed with the Kaplan-Meier method, and log-rank tests were used for comparisons between different groups. Cox proportional hazards regression analysis was conducted to identify the following possible predictors of PFS and OS in advanced noncutaneous melanoma patients: NRAS status (wild-type vs. mutant), BRAF status (wild-type vs. mutant), ECOG performance score (0 vs. 1), primary site (acral vs. mucosal origins), stage (advanced IIIc vs. IV; based on the American Joint Committee on Cancer (AJCC) 8th edition staging system for cutaneous melanoma), and serum lactic dehydrogenase (LDH) level (normal vs. elevated). Statistical analyses were performed using SPSS software (version 22.0; IBM Corporation, Armonk, NY) and GraphPad PRISM (Prism 8.0.2; GraphPad Software, LLC). A two-sided P value <0.05 was considered statistically significant.

We performed a systematic search of relevant prospective and retrospective studies in MEDLINE limited to the English language on June 5, 2021. We included all studies that compared the efficiency of immunotherapy in NRAS mutant with NRAS wild-type advanced melanoma patients. We calculated weighted event rates and 95% CIs by using Stata version 16.0 software. A random rather than fixed-effects model was used to estimate pooled event rates to account for heterogeneity in order to be more conservative. We evaluated heterogeneity between studies with the Higgins inconsistency index (I2).



Results


Baseline Characteristics

A total of 206 advanced melanoma patients were enrolled in this study, including 92 cutaneous melanoma patients with 12 NRAS mutations and 114 noncutaneous melanoma patients with 21 NRAS mutations. The detailed characteristics are listed in Table 1. The distribution of sex, age, ECOG performance score, stage, serum LDH level, and prior therapy was balanced between the NRAS mutant and wild-type patients in both the cutaneous and noncutaneous groups. All patients were immunotherapy-naïve, and 170 patients (82.5%) had previously received chemotherapy or targeted therapy. There were 75 acral melanoma and 39 mucosal melanoma patients in the noncutaneous cohort.


Table 1 | Patient characteristics.



BRAF and NRAS mutations were mutually exclusive, and the BRAF mutation frequency was 19.1% in the NRAS wild-type population in our cohort. A total of 15 patients with BRAF mutation received BRAF inhibitors with or without MEK inhibitors before or after immunotherapy. Only one patient harbored simultaneous NRAS and KIT mutations. Twelve patients had KIT alterations in the NRAS wild-type cohort. Q61 mutations were predominant among NRAS mutation hotspots, including Q61R (52%, n=17), Q61K (24%, n=8), Q61L (9%, n=3), and Q61H (3%, n=1). Other mutational hotspots included G12D (9%, n=3) and G12C (3%, n=1).



Efficacy Evaluation

In cutaneous melanoma, 21 from 92 patients had NRAS mutations. The overall ORR of anti-PD-1 monotherapy in the NRAS mutant population was 9.5%, which was lower than the rate of 23.9% among the wild-type patients (P=0.223). The DCRs were 47.6% in the NRAS mutant group and 66.2% in the wild-type group (P=0.123). In the noncutaneous melanoma population, 12 from 114 patients had NRAS mutations, including 9 acral and 3 mucosal melanoma patients. The response rates of NRAS mutant patients and NRAS wild-type patients were 0% and 13.7% (P=0.356), and the DCRs were 33.3% and 51.0% (P=0.247), respectively (Table 2).


Table 2 | Efficacy of immunotherapy in NRAS mutant and NRAS wild-type melanoma.



Among the patients with NRAS mutation receiving immunotherapy, the only two responsive patients were both in the cutaneous melanoma group (9.5%). No responsive cases were observed in the noncutaneous group. No NRAS mutant patients had BRAF mutations simultaneously, and one patient with NRAS and KIT aberrations at the same time experienced stable disease (SD) in response to immunotherapy.

Among the patients without NRAS mutation, the ORRs of anti-PD-1 monotherapy were 23.9% for cutaneous melanoma and 13.7% for noncutaneous melanoma as follows: 12.1% in acral melanoma and 16.7% in mucosal melanoma. This population consisted of patients with BRAF mutation and KIT aberration. Patients with BRAF mutation had a slightly better ORR than BRAF/NRAS wild-type patients (21.1% vs. 17.1%). Patients with KIT aberration had an ORR of 8.3% (1/12) to immunotherapy.

Two patients with NRAS mutant advanced melanoma, including 1 patient with amino acid mutation of Q61R and 1 patient with G12D, achieved a partial response (PR). Regarding mutational hotspots with frequencies greater than 10%, patients with Q61R had a better ORR (5.8% vs. 0) and DCR (53% vs. 25%) than those with Q61K. One patient with Q61H and one with G12C had SD, and all the other patients experienced progressive disease (PD) (Table 3).


Table 3 | Efficacy of immunotherapy by NRAS mutational hotspot.





Survival Analysis

We analyzed the association of NRAS mutations with survival in cutaneous and noncutaneous melanoma. PFS and OS were poorer in patients with NRAS mutation, especially in the noncutaneous group. With a median follow-up duration of 15.4 months (range: 1.1-39.4), the Kaplan-Meier curves of PFS and OS for advanced NRAS mutant melanoma patients are shown in Figure 1.




Figure 1 | Kaplan-Meier curves for progression-free survival (PFS) and overall survival (OS) among patients with NRAS mutant and wild-type statuses treated with anti-PD-1 monotherapy. (A, B) noncutaneous melanoma; (C, D) cutaneous melanoma.



In the cutaneous melanoma cohort, the PFS for NRAS mutant and wild-type patients were 2.7 months (95%CI: 1.7-3.7) and 7.0 months (95%CI: 4.1-9.9) (P=0.024), and the OS were 13.8 months (95%CI: 3.7-23.9) and 20.4 months (95%CI: 12.7-28.1) (P=0.081), respectively. In the noncutaneous melanoma cohort, the median PFS were 3.6 months (95% CI: 0.9-6.3) for NRAS mutant patients and 4.3 months (95%CI: 2.9-5.7) for wild-type patients (P=0.015), respectively, and the median OS were 10.8 months (95% CI: 1.5-20.1) and 15.3 months (95% CI: 13.2-17.4), respectively (P=0.025).

We further explored the role of NRAS mutation in noncutaneous melanoma. In a univariate analysis incorporating all factors, the ECOG performance score (P=0.004), LDH level (P<0.001), and NRAS mutation status (P=0.015) were significantly associated with PFS in noncutaneous melanoma. In addition, the ECOG performance score (P<0.001), LDH level (P<0.001), and NRAS mutation (P=0.025) were also significantly associated with OS. On multivariate analysis, covariates independently associated with improved PFS included an ECOG performance score of 0, a normal LDH level, and NRAS wild-type status. Predictive factors for OS identified from the Cox hazard ratio model also included ECOG performance score, LDH level, and NRAS mutation status, as shown in Table 4.


Table 4 | Multivariate analysis of factors for PFS and OS in patients with advanced noncutaneous melanoma receiving immunotherapy.





Meta-Analysis

Six retrospective studies and 1 randomized clinical trial were relevant to our analyses (11–14, 16–18). Study design, drug, number of patients, efficacy of immunotherapy (ORR, DCR, PFS, OS, TTF, et al) for NRAS mutant and wild-type advanced melanoma patients, and univariate and multivariate factors analyzed along with NRAS status were listed in Supplementary Table S1. The objectives of our study were ORR, PFS, and OS. However, these studies were highly heterogenous and not consistent in the objectives. Only part of the studies can be involved for different pooled analyses.

The pooled risk ratio (RR) of ORR was 1.18 (95% CI: 0.98-1.43, I2 = 64.4%, P=0.038; Figure 2A) for some of the above studies using immunotherapy (including anti-PD-(L)1, anti-CTLA-4, anti-PD-1+anti-CTLA-4 therapy and IL-2). In the anti-PD(L)1 monotherapy subgroup, the corresponding RR of ORR was 1.13 (95% CI: 0.87-1.47, I2 = 52.5%, P=0.122; Figure 2B) with moderate heterogeneity. The hazard ratio (HR) of PFS in 2 studies (16, 17) and overall survival (OS) in 2 studies (14, 17) were 0.73 (95% CI: 0.58-0.93, I2 = 0%, P=0.930; Figure 2C) and 1.01 (95% CI: 0.52-1.96, I2 = 89.3%, P=0.002; Figure 2D), respectively. However, studies with opposite results were not included because of different objectives, such as TTF (18). As a result, no confirmatory conclusion can be drawn from this meta-analysis, which demonstrated the controversial results of different published studies.




Figure 2 | Overall pooled analyses of efficacy for NRAS mutant vs. wild-type (mut/wt) advanced melanoma treated with immunotherapy, including IL-2, anti-PD-(L)1, anti-CTLA-4, and anti-PD-1+anti-CTLA-4 therapy. (A) Risk ration (RR) of ORR for NRAS mut/wt melanoma treated with immunotherapy; (B) RR of ORR for NRAS mut/wt melanoma treated with anti-PD-1 monotherapy; (C) Hazard ratio (HR) of PFS for NRAS mut/wt melanoma treated with immunotherapy; (D) HR of OS for NRAS mut/wt melanoma treated with immunotherapy. I2 was interpreted by <50% as low heterogeneity; 50% to 75%, moderate heterogeneity; and >75% as high heterogeneity in our study.






Discussion

To our knowledge, this study of immunotherapy for advanced NRAS mutant melanoma comprised the largest population of noncutaneous melanoma to date. Currently, only a few reports have addressed the impact of NRAS mutation on immunotherapy. In an analysis of the effects of mutations on the response to high-dose IL-2, patients with NRAS mutation demonstrated a higher ORR (47%) than those with BRAF mutation (23%) and wild-type status (12%) (P=0.05) (11). In addition, NRAS mutation had an association with improved OS in ipilimumab-treated melanoma compared with wild-type melanoma, although without a significant difference (12 vs. 8 months, P=0.56) (12). In a retrospective study, 11 patients with NRAS mutant melanoma and 37 wild-type patients received anti-PD-1 monotherapy. The ORRs were 64% and 30% in the NRAS mutant and wild-type groups, respectively (13). Another study suggested that response rates were comparable between the groups (21% vs. 13%, P=0.210), although NRAS mutation was associated with less favorable survival (14). However, results from an Asian multicenter phase II trial of toripalimab in advanced melanoma patients indicated NRAS mutation as a potential resistance mechanism for immunotherapy. In the Asian population predominantly with acral and mucosal melanoma, the ORR of NRAS mutant patients was only 6.1% (1/16) to anti-PD-1 monotherapy (7). In a recent study of MAPK pathway alteration in cutaneous and unknown primary melanomas, time to treatment failure (TTF) was shorter for patients with NRAS Q61 mutations (18).

We performed a systemic meta-analysis based on the relevant studies. However, no confirmatory conclusion had been reached due to the high heterogeneity and no consistent objectives of these studies. The patients involved in different studies varied a lot in baseline characteristics. Only two studies involved a small part of acral and mucosal melanoma. In general, no consensus has been reached on the impact of NRAS mutation on immunotherapy, especially in noncutaneous melanoma.

In our study, the ORRs and DCRs of NRAS mutant melanoma patients were lower than those of wild-type patients, and NRAS mutation was associated with worse survival in the noncutaneous group with a significant difference. Moreover, no responsive patients were noted in the noncutaneous group with NRAS mutations. Advanced melanoma patients from Asia were less responsive to immunotherapy based on previous clinical trials, even in cutaneous melanoma, perhaps due to different races (7, 9). Noncutaneous melanoma is distinct from cutaneous melanoma in terms of subtypes and genetic alterations. According to whole-genome sequencing results, acral and mucosal subtypes were dominated by structural and copy number variations instead of single nucleotide variations (10). Genetic aberrations in the CDK and PI3K/AKT/mTOR pathways are frequently detected (19–21). All of these factors may contribute to the relatively low response rates of immunotherapy in our cohorts. Moreover, the particularly low response rate of noncutaneous melanoma patients with NRAS mutation reveals the adverse impact of NRAS mutation on immunotherapy in the Asian population. Our finding suggests that NRAS mutation might play a negative role in ethnic groups with deeper skin colors and a low tumor mutation burden.

MAPK pathway activation is associated with a poor prognosis in metastatic melanoma (22). NRAS mutant melanoma has been demonstrated to be associated with more unfavorable survival than wild-type melanoma in some studies, although heterogeneous situations have been observed in other series (23, 24). Increasing numbers of studies have explored how somatic alterations influence the response of immunotherapy through immunogenicity and the immune microenvironment (25). Tumors with NRAS mutation are reported to have low tumor-infiltrating lymphocyte (TIL) grades, suggesting a more immunosuppressive microenvironment (26). Activation of the RAS pathway can decrease antigen-presenting major histocompatibility complex (MHC) I molecule expression and reduce the number of infiltrating immune cells in tumors (24), which may weaken the antitumor activity of immune checkpoint inhibitors. This observation is consistent with our result of a significantly worse prognosis in NRAS mutant noncutaneous melanoma. A comprehensive understanding of the mechanisms by which somatic mutations influence the immune landscape and molecular network in the tumor microenvironment is critical to clarify this problem.

Thus, anti-PD-1 monotherapy may not be enough for patients with NRAS mutant advanced melanoma, especially in noncutaneous subtypes. NRAS is the most undruggable target in melanoma. MEK, PI3K, RalGEF, and other downstream molecules in the complex network have been targeted, with modest effects. On the other hand, considerable exploration of combination therapy in NRAS mutant melanoma has been conducted. MEK inhibitor treatment combined with immunotherapy was previously the most promising strategy. However, the role of MEK inhibitors in immunotherapy is controversial. MEK inhibition not only resulted in an accumulation of intratumoral antigen-specific T cells but also impaired T cell priming in lymph nodes (27). Preclinical evidence shows synergistic antitumor activity of MEK inhibition in combination with PD-L1 checkpoint blockade (27). In contrast, the phase 3 clinical trial of atezolizumab combined with cobimetinib in metastatic melanoma failed to demonstrate superior survival over anti-PD-1 monotherapy (16). Further studies are focusing on the sequence of immunotherapy and targeted therapy and dosing schedules such as intermittent versus continuous dosing of MAPK inhibitors (28). Other combination strategies, including drugs targeting RAS, the PI3K/AKT/mTOR pathway, CDK, and alternative immune checkpoint inhibitors, are also being investigated.

Some limitations exist in our study. This was an ad hoc analysis of pooled data from four clinical trials. Due to the unavailability of ipilimumab, we enrolled only patients with NRAS mutant advanced melanoma receiving anti-PD-1 monotherapy. As anti-PD-1 antibodies were tested mainly in previously treated melanoma in China, most patients received anti-PD-1 monotherapy after chemotherapy. Prospective multicenter study of large sample is needed to confirm the role of NRAS mutation in the response to immunotherapy in patients with advanced melanoma.



Conclusion

Our study demonstrated that patients with advanced NRAS mutant melanoma had lower response rates and worse prognoses when treated with anti-PD-1 monotherapy than wild-type patients. New approaches are needed to improve the outcomes of NRAS mutant melanoma, especially in noncutaneous melanoma.



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 the Peking University Cancer Hospital. The patients/participants provided their written informed consent to participate in this study.



Author Contributions

LS, LZ, CC, JG, and XW designed the study. LZ and XW analyzed the data and wrote the manuscript. ZC, XS, YK, LM, BL, BT, XY, XB, and SL collected the data. All authors contributed to the article and approved the submitted version.



Funding

This work was supported by grant no. 81972566 from the National Natural Science Foundation of China.



Acknowledgments

The authors thank the patients who participated in this study and their families.



Supplementary Material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fimmu.2021.691032/full#supplementary-material



References

1. Cancer Genome Atlas N. Genomic Classification of Cutaneous Melanoma. Cell (2015) 161(7):1681–96. doi: 10.1016/j.cell.2015.05.044

2. Swetter, SM, Tsao, H, Bichakjian, CK, Curiel-Lewandrowski, C, Elder, DE, Gershenwald, JE, et al. Guidelines of Care for the Management of Primary Cutaneous Melanoma. J Am Acad Dermatol (2019) 80(1):208–50. doi: 10.1016/j.jaad.2018.08.055

3. Dummer, R, Schadendorf, D, Ascierto, PA, Arance, A, Dutriaux, C, Di Giacomo, AM, et al. Binimetinib Versus Dacarbazine in Patients With Advanced NRAS-Mutant Melanoma (NEMO): A Multicentre, Open-Label, Randomised, Phase 3 Trial. Lancet Oncol (2017) 18(4):435–45. doi: 10.1016/S1470-2045(17)30180-8

4. Chi, Z, Li, S, Sheng, X, Si, L, Cui, C, Han, M, et al. Clinical Presentation, Histology, and Prognoses of Malignant Melanoma in Ethnic Chinese: A Study of 522 Consecutive Cases. BMC Cancer (2011) 11:85. doi: 10.1186/1471-2407-11-85

5. Kong, Y, Si, L, Zhu, Y, Xu, X, Corless, CL, Flaherty, KT, et al. Large-Scale Analysis of KIT Aberrations in Chinese Patients With Melanoma. Clin Cancer Res (2011) 17(7):1684–91. doi: 10.1158/1078-0432.CCR-10-2346

6. Bai, X, Kong, Y, Chi, Z, Sheng, X, Cui, C, Wang, X, et al. MAPK Pathway and TERT Promoter Gene Mutation Pattern and Its Prognostic Value in Melanoma Patients: A Retrospective Study of 2,793 Cases. Clin Cancer Res (2017) 23(20):6120–7. doi: 10.1158/1078-0432.Ccr-17-0980

7. Tang, B, Chi, Z, Chen, Y, Liu, X, Wu, D, Chen, J, et al. Safety, Efficacy, and Biomarker Analysis of Toripalimab in Previously Treated Advanced Melanoma: Results of the POLARIS-01 Multicenter Phase II Trial. Clin Cancer Res (2020) 26(16):4250–9. doi: 10.1158/1078-0432.CCR-19-3922

8. D’Angelo, SP, Larkin, J, Sosman, JA, Lebbe, C, Brady, B, Neyns, B, et al. Efficacy and Safety of Nivolumab Alone or in Combination With Ipilimumab in Patients With Mucosal Melanoma: A Pooled Analysis. J Clin Oncol (2017) 35(2):226–35. doi: 10.1200/JCO.2016.67.9258

9. Si, L, Zhang, X, Shu, Y, Pan, H, Wu, D, Liu, J, et al. A Phase Ib Study of Pembrolizumab as Second-Line Therapy for Chinese Patients With Advanced or Metastatic Melanoma (KEYNOTE-151). Trans Oncol (2019) 12(6):828–35. doi: 10.1016/j.tranon.2019.02.007

10. Hayward, NK, Wilmott, JS, Waddell, N, Johansson, PA, Field, MA, Nones, K, et al. Whole-Genome Landscapes of Major Melanoma Subtypes. Nature (2017) 545(7653):175–80. doi: 10.1038/nature22071

11. Joseph, RW, Sullivan, RJ, Harrell, R, Stemke-Hale, K, Panka, D, Manoukian, G, et al. Correlation of NRAS Mutations With Clinical Response to High-Dose IL-2 in Patients With Advanced Melanoma. J Immunother (2012) 35(1):66–72. doi: 10.1097/CJI.0b013e3182372636

12. Mangana, J, Cheng, PF, Schindler, K, Weide, B, Held, U, Frauchiger, AL, et al. Analysis of BRAF and NRAS Mutation Status in Advanced Melanoma Patients Treated With Anti-CTLA-4 Antibodies: Association With Overall Survival? PLoS One (2015) 10(10):e0139438. doi: 10.1371/journal.pone.0139438

13. Johnson, DB, Lovly, CM, Flavin, M, Panageas, KS, Ayers, GD, Zhao, Z, et al. Impact of NRAS Mutations for Patients With Advanced Melanoma Treated With Immune Therapies. Cancer Immunol Res (2015) 3(3):288–95. doi: 10.1158/2326-6066.Cir-14-0207

14. Kirchberger, MC, Ugurel, S, Mangana, J, Heppt, MV, Eigentler, TK, Berking, C, et al. MEK Inhibition may Increase Survival of NRAS-Mutated Melanoma Patients Treated With Checkpoint Blockade: Results of a Retrospective Multicentre Analysis of 364 Patients. Eur J Cancer (2018) 98:10–6. doi: 10.1016/j.ejca.2018.04.010

15. Shen, L, Guo, J, Zhang, Q, Pan, H, Yuan, Y, Bai, Y, et al. Tislelizumab in Chinese Patients With Advanced Solid Tumors: An Open-Label, non-Comparative, Phase 1/2 Study. J ImmunoTherapy Cancer (2020) 8(1):e000437. doi: 10.1136/jitc-2019-000437

16. Gogas, H, Dreno, B, Larkin, J, Demidov, L, Stroyakovskiy, D, Eroglu, Z, et al. Cobimetinib Plus Atezolizumab in BRAF(V600) Wild-Type Melanoma: Primary Results From the Randomized Phase III IMspire170 Study. Ann Oncol (2021) 32(3):384–94. doi: 10.1016/j.annonc.2020.12.004

17. Guida, M, Bartolomeo, N, Quaglino, P, Madonna, G, Pigozzo, J, Di Giacomo, AM, et al. No Impact of NRAS Mutation on Features of Primary and Metastatic Melanoma or on Outcomes of Checkpoint Inhibitor Immunotherapy: An Italian Melanoma Intergroup (IMI) Study. Cancers. (Basel) (2021) 13(3). doi: 10.3390/cancers13030475

18. Shoushtari, AN, Chatila, WK, Arora, A, Sanchez-Vega, F, Kantheti, HS, Rojas Zamalloa, JA, et al. Therapeutic Implications of Detecting MAPK-Activating Alterations in Cutaneous and Unknown Primary Melanomas. Clin Cancer Res (2021) 27(8). doi: 10.1158/1078-0432.CCR-20-4189

19. Xu, L, Cheng, Z, Cui, C, Wu, X, Yu, H, Guo, J, et al. Frequent Genetic Aberrations in the Cell Cycle Related Genes in Mucosal Melanoma Indicate the Potential for Targeted Therapy. J Transl Med (2019) 17(1):245. doi: 10.1186/s12967-019-1987-z

20. Kong, Y, Sheng, X, Wu, X, Yan, J, Ma, M, Yu, J, et al. Frequent Genetic Aberrations in the CDK4 Pathway in Acral Melanoma Indicate the Potential for CDK4/6 Inhibitors in Targeted Therapy. Clin Cancer Res (2017) 23(22):6946–57. doi: 10.1158/1078-0432.Ccr-17-0070

21. Kong, Y, Si, L, Li, Y, Wu, X, Xu, X, Dai, J, et al. Analysis of mTOR Gene Aberrations in Melanoma Patients and Evaluation of Their Sensitivity to PI3K-AKT-mTOR Pathway Inhibitors. Clin Cancer Res (2016) 22(4):1018–27. doi: 10.1158/1078-0432.Ccr-15-1110

22. Jakob, JA, Bassett, RJ, Ng, CS, Curry, JL, Joseph, RW, Alvarado, GC, et al. NRAS Mutation Status is an Independent Prognostic Factor in Metastatic Melanoma. Cancer (2012) 118(16):4014–23. doi: 10.1002/cncr.26724

23. Devitt, B, Liu, W, Salemi, R, Wolfe, R, Kelly, J, Tzen, CY, et al. Clinical Outcome and Pathological Features Associated With NRAS Mutation in Cutaneous Melanoma. Pigment Cell Melanoma Res (2011) 24(4):666–72. doi: 10.1111/j.1755-148X.2011.00873

24. Mandala, M, Merelli, B, and Massi, D. Nras in Melanoma: Targeting the Undruggable Target. Crit Rev Oncol Hematol (2014) 92(2):107–22. doi: 10.1016/j.critrevonc.2014.05.005

25. Szczepaniak Sloane, RA, Gopalakrishnan, V, Reddy, SM, Zhang, X, Reuben, A, and Wargo, JA. Interaction of Molecular Alterations With Immune Response in Melanoma. Cancer (2017) 123(S11):2130–42. doi: 10.1002/cncr.30681

26. Thomas, NE, Edmiston, SN, Alexander, A, Groben, PA, Parrish, E, Kricker, A, et al. Association Between NRAS and BRAF Mutational Status and Melanoma-Specific Survival Among Patients With Higher-Risk Primary Melanoma. JAMA Oncol (2015) 1(3):359. doi: 10.1001/jamaoncol.2015.0493

27. Ebert, P, Cheung, J, Yang, Y, McNamara, E, Hong, R, Moskalenko, M, et al. MAP Kinase Inhibition Promotes T Cell and Anti-Tumor Activity in Combination With PD-L1 Checkpoint Blockade. Immunity (2016) 44(3):609–21. doi: 10.1016/j.immuni.2016.01.024

28. Reger de Moura, C, Vercellino, L, Jouenne, F, Baroudjian, B, Sadoux, A, Louveau, B, et al. Intermittent Versus Continuous Dosing of MAPK Inhibitors in the Treatment of BRAF-Mutated Melanoma. Transl Oncol (2020) 13(2):275–86. doi: 10.1016/j.tranon.2019.10.003



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 © 2021 Zhou, Wang, Chi, Sheng, Kong, Mao, Lian, Tang, Yan, Bai, Li, Guo, Cui and Si. 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.


OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Association of NRAS Mutation With Clinical Outcomes of Anti-PD-1 Monotherapy in Advanced Melanoma: A Pooled Analysis of Four Asian Clinical Trials

      

        		

          Background

        



        		

          Materials and Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          Introduction

        



        		

          Materials and Methods

        



        		

          Results

        

          		

            Baseline Characteristics

          



          		

            Efficacy Evaluation

          



          		

            Survival Analysis

          



          		

            Meta-Analysis

          



        



        



        		

          Discussion

        



        		

          Conclusion

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Supplementary Material

        



        		

          References

        



      



      



    



  



OEBPS/Images/fimmu-12-691032-g002.jpg
A

Suay

Guida eak2021
Kirchberber et a 2018

Douglas sl 2015

Joseph et 2012

Oversl, M (12 64.4%,p = 00389

Hatlo:

st

.
Weght

w06
3508

113.036,1.47)
091063, 1)
1700106,27)
40423, 1339
6 118098, 1.40)

1
175
10000

obes

Guda oz

Do 2018
Onest it = 2%, p 0122

Rkt

101076,135)
T
40040

137,17

s

N N—

Onera DL 04, =033

—

Harard Rato

osecn Weight

06
o34

073070, 120)
075044, 130)

073058,099 10000

s

Guida e ak2021
Kirchberher et 2015

Overal, DL = 89.3%.p = 6003

R ——
S

Harard Rato
st

%
Weight

on e, 1) S028
e L2awmas) o7

F————— lnosis0 e

T





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
NRAS Mutant N=33 NRAS Wild-type N=173 P

(%) (%) value
Cutaneous* N=21 N=71
ORR 2(9.5) 17(23.9) 0.223
DCR 10(47.6) 47(66.2) 0.123
Noncutaneous N=12 N=102
ORR 0(0) 14(13.7) 0.356
DCR 4(33.3) 52(51.0) 0.247
Acral N=9 N=66
ORR 0(0) 8(12.1) 0.585
DCR 4(44.4) 36(54.5) 0.726
Mucosal N=3 N=36
ORR 0(0) 6(16.7) 1.000
DCR 0(0) 16(44.4) 0.255

*Melanoma of unknown primary site included. Subgroups with no responses were in bold.





OEBPS/Images/table4.jpg
NRAS
Wild-type
Mutant

BRAF
Wild-type
Mutant

ECOG PS
[}

1

Primary site
Acral
Mucosal

Stage
llic
[\

LDH level
Normal
Elevated

PFS

HR

Ref

1.912

Ref
0.722

Ref
1.530

Ref
0.989

Ref
0.987

Ref
1.992

95% CI

1.017-3.592

0.331-1.577

1.003-2.335

0.641-1.525

0.552-1.765

1.321-3.005

P value

0.044

0.414

0.048

0.959

0.964

0.001

os

HR 95% CI P value
Ref

2210 1.105-4.420 0.025
Ref

0.907 0.414-1.990 0.808
Ref

1.934 1.191-3.141 0.008
Ref

1.106 0.699-1.751 0.666
Ref

0.853 0.432-1.683 0.646
Ref

2.234 1.430-3.488 <0.001

PFS, progression-free survival; OS, overall survival; HR, hazard ratio; 95% Cl, 95% confidence interval; Ref, reference; ECOG PS, Eastern Cooperative Oncology Group performance score.

P values < 0.05 were in bold.





OEBPS/Images/fimmu.2021.691032_cover.jpg
, frontiers
in Immunology

Association of NRAS Mutation With
Clinical Outcomes of Anti-PD-1
Monotherapy in Advanced
Melanoma: A Pooled Analysis of
Four Asian Clinical Trials





OEBPS/Images/table3.jpg
Hotspot Q61R Q61K Qé1L Q61H G12D G12C

N (%) 17(52%) 8(24%) 3(9%) 1(8%) 3(9%) 1(3%)
PR 1 0 0 0 1 0
sD 8 2 1 0 0 1

PD 8 6 2 1 2 0





OEBPS/Images/logo.jpg
’ frontiers
in Immunology





OEBPS/Images/fimmu-12-691032-g001.jpg
" o0 - NRASwid. ® o - NRASwid
T " T e
H Noncutaneous. H Noncutaneous
2 o0 = 2 e =0.025.

o i -
H £
§ o fo
€ &
o o
IR S T R Th h w
prsimonths) ° os(monthe)
0 g o o ks
" B -
Cumenss H e
p=0.024 2 e P=0.081
H
5w
L
o

PFS(months) 0S(months)





OEBPS/Images/table1.jpg
Characteristics

Cutaneous N=92

Noncutaneous N=114

NRAS Mutant N=21 NRAS Wild-type N=71 P value NRAS Mutant N=12 NRAS Wild-type N=102 P value
Sex 0.948 0.758
Female 12 (57.1) 40 (56.3) 8(66.7) 59 (57.8)
Male 9 (42.9) 31 (43.7) 4(33.3) 43 (42.2)
Age, years 0.164 1.000
<65 16 (76.2) 63 (88.7) 10 (83.9) 86 (84.3)
>=65 5(23.8) 8(11.3) 2(16.7) 16 (15.7)
ECOG PS 0.685 0.365
[ 12 (57.1) 37 (62.1) 3(25.0) 41(40.2)
1 9 (42.9) 34 (47.9) 9 (75.0) 61 (59.8)
Stage 0.377 0.356
lilc 3(14.3) 5(7.0) 0(0) 4(13.7)
v 18 (85.7) 66 (93.0) 12 (100) 88 (86.3)
LDH level 0.161 0.209
Normal 18 (85.7) 50 (70.4) 5(41.7) 65 (63.7)
Elevated 3(14.3) 21 (29.6) 7 (8. 37 (36.3)
Prior therapy 0.127 0.384
Naive 7(33.3) 12 (16.9) 3(25.0) 14 (13.7)
Treated 14 (66.7) 59 (83.1) 9 (75.0) 88 (86.3)
BRAF mutation 0 24 (33.8) 0.002 0 9838 0.594
KIT mutation 0 342 1.000 183 9(8.8) 1.000

ECOG PS, Eastern Cooperative Oncology Group performance score; LDH, lactic dehydrogenase. P values < 0.05 were in bold.





