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Long-term survival benefit has been noticed in non-small-cell lung cancer (NSCLC) patients treated with immune checkpoint inhibitors (ICIs), such as PD-1 inhibitors. However, it is still controversial whether patients with EGFR-activating mutations may benefit from ICIs. Recently, in stage IIIA NSCLC, chemo-immunotherapy has led to significant pathological response, yet patients with the presence of known EGFR mutations were excluded from some randomized trials of neoadjuvant therapy. Herein, we report a case of a 50-year-old female patient, who was initially diagnosed as stage IIIA lung squamous cell carcinoma. Immunohistochemistry analysis showed that the patient presented with high PD-L1 expression. Then, chemo-immunotherapy was given to the patient but the disease progressed quickly with distant metastasis. A re-biopsy revealed a poorly differentiated lung adenocarcinoma together with EGFR p.L858R mutation. Then the patient received gefitinib, which resulted in significant regression of primary lung lesion. A detailed examination of pre-treatment tumor sections demonstrated rare infiltration of CD8+ T cells, indicating that the current patient presented with an “immune-cold” microenvironment, which might explain the primary resistance to chemo-immunotherapy. Taken together, our case indicated that comprehensive detection of PD-L1 expression, driver gene status, together with tumor immune microenvironment, may offer a better prediction of treatment efficacy.
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Introduction

Immune checkpoint inhibitors (ICIs), such as anti-PD-1 and anti-PD-L1 antibodies, have become a standard option for the management of locally advanced and metastatic lung cancer (1). Approximately 20% of patients with non-small-cell lung cancer (NSCLC) are in stage IIIA (2), with a 3-year overall survival of 30% and no major treatment advances in the past 25 years (3). Recently, chemo-immunotherapy in stage IIIA NSCLC has led to significant pathological responses and downstaging, together with favorable progression-free survival (PFS) and overall survival (OS) at 24 months (4). Also, in the NADIM study, PD-L1 expression was strongly associated with pathologic complete response (pCR), while no significant association was found between PD-L1 tumor proportion score (TPS) and PFS or OS. Besides, in a randomized phase III study, neoadjuvant chemo-immunotherapy has showed significant improvement in pCR rate compared to chemotherapy for resectable (IIIB–IIIA) NSCLC (5). Of note, epidermal growth factor receptor (EGFR) mutations have been generally exclusion criteria in above-mentioned trials and also the IMpower 030 study (6), although patients with EGFR mutations have been allowed in the KEYNOTE-671 study, another neoadjuvant chemo-immunotherapy trial which is still going on (7). Therefore, it is not clear whether a stage IIIA EGFR mutant NSCLC patient with strong PD-L1 expression may benefit from chemo-immunotherapy. Here, we report a case of a stage IIIA EGFR mutant NSCLC with high PD-L1 TPS of 80% yet presented with primary resistance to chemo-immunotherapy, which might be due to rare infiltration of CD8+ T cells in the tumor microenvironment.



Case Description

A 57-year-old nonsmoking female patient was admitted to the Daping Hospital of Army Medical University on May 6, 2020, with cough since 10+ days ago. The physical examination showed no abnormalities. Computed tomography (CT) revealed a mass in the lower lobe of the right lung (3.9 × 3.1 cm) (Figure 1A). CT-guided biopsy of the mass followed by the histopathological diagnosis confirmed squamous cell lung carcinoma (Figures 2A–D). A brain magnetic resonance imaging and a bone single photon emission computed tomography showed no distant metastasis. The patient was therefore diagnosed as T2aN2M0, stage IIIA squamous cell lung carcinoma according to the VIII TNM edition. PD-L1 was found positive (TPS = 80%) using immunohistochemistry (Ventana SP263; Figure 2E). After a multidisciplinary team panel discussion, from a “neoadjuvant” perspective, the patient received one cycle of chemo-immunotherapy (albumin-bound paclitaxel + carboplatin + nivolumab 240 mg). There were no severe adverse events after initial treatment. However, the patient suffered from symptoms related to disease progression such as cough, hemoptysis and fever after 3 weeks of treatment. Chest CT illustrated an enlargement of the right lung lesion (4.3×3.1cm) with the obstruction of the right middle bronchus (Figure 1B), lung atelectasis and spinal metastases. A re-biopsy through electronic bronchoscopy was performed and a poorly differentiated lung adenocarcinoma was reported in the right middle bronchus tissue by pathologic analysis (Figures 2F–H). The patient was finally diagnosed as adenosquamous carcinoma. Thereafter, a tissue-based next generation sequencing (NGS, 733 genes, 4.53 Mb, 3D Medicines Inc., China) revealed EGFR p.L858R mutation and TP53 p.R248G mutation. Afterwards, gefitinib was given to the patient (250 mg, once daily) which was well tolerated with slight skin rash that did not require any medical intervention. After one month of treatment, the symptoms of the patient were obviously relieved, and the primary tumor was significantly regressed (Figure 1C). Nevertheless, an enlargement of spinal metastases was found and then local radiotherapy combined systemic chemotherapy (albumin-bound paclitaxel + carboplatin; for two cycles) was implemented in addition to gefitinib without any adverse events. Then the spinal lesion was under control and gefitinib alone was still ongoing with persistent regression of primary lung lesion up to Mar 28, 2021 (Figures 1D–F). We further performed another tissue-based NGS in the baseline sample of squamous cell carcinoma and found the same genetic mutations of EGFR and TP53. Furthermore, a multi-color immunofluorescent staining of pre-treatment tumor sections demonstrated spare infiltration of CD8+ T cells (91/mm2) and CD68+HLA−DR+ M1 macrophages (21/mm2) in the tumor parenchyma, while the infiltration of CD56dim NK cells was high (1,271/mm2) (Figures 3A–D). Further examination of CD8 immunohistochemistry staining on tumor tissue at disease progression on immunotherapy found intense CD8+ T cell infiltration (Figure 3E), as compared to that of baseline. However, very few of these cells expressed Granzyme B (Figure 3F), indicating little cytotoxicity of T cells.




Figure 1 | Chest CT scanning of the patient. (A) baseline; (B) after one cycle of neoadjuvant immuno-chemotherapy (albumin-bound paclitaxel + carboplatin + nivolumab 240 mg); (C–F) chest images at indicated time points.






Figure 2 | Examinations of pathology and immunohistochemistry. (A–E), Histology of primary lung lesion (CT guided biopsy) and immunohistochemistry analysis, PD-L1 expression; (F–H) histology of enlarged lung lesion (re-biopsy through electronic bronchoscopy) and immunohistochemistry analysis.






Figure 3 | Examinations of tumor microenvironment on tumor tissue sample as indicated. (A) Multi-color immunofluorescent staining of tumor microenvironment (white: CD8, purple: CD56, green: CD68, red: HLA-DR, cyan: panCK/S100, blue: DAPI) (magnification ×200); (B) CD8 (white) (magnification ×200); (C) CD56 (purple) (magnification ×200); (D) CD68 (green), HLA-DR (red) (magnification ×200); (E) Immunohistochemistry staining of CD8 with tumor tissue on disease progression of albumin-bound paclitaxel + carboplatin + nivolumab, Scale bar 50 um; (F) Immunohistochemistry staining of Granzyme B with tumor tissue on disease progression of albumin-bound paclitaxel + carboplatin + nivolumab, Scale bar 50 um.





Discussion

In the current case, we have reported a stage IIIA EGFR mutant NSCLC patient with high PD-L1 expression who showed primary resistance to nivolumab with platinum-based chemotherapy. Further detection of pre-treatment tumor microenvironment revealed rare infiltration of CD8+ T cells. Therefore, the case indicated that a comprehensive detection of PD-L1 expression, driver gene status, and tumor immune microenvironment might be helpful for the treatment options.

Several studies have reported that EGFR mutant NSCLC patients benefit little from ICIs, especially in the setting of immuno-monotherapy. A meta-analysis indicated that an ICI as second-line therapy did not improve OS over that with docetaxel therapy in EGFR-mutated advanced NSCLC (8). In a prospective study, among ten EGFR mutant NSCLC patients, first-line pembrolizumab showed no response (seven cases with strong PD-L1 expression) (9). In another study, genomic alterations in EGFR were even suggested to be associated with hyper-progressive disease to ICIs (10). However, the use of ICIs for EGFR mutant NSCLC should not be completely ruled out, since dramatic response to PD-1/PD-L1 inhibitors have been reported in some EGFR mutant cases with strong PD-L1 expression (11). Meanwhile, the combination of chemo-immunotherapy in those patients has been tested in several randomized trials. The IMpower 130 trial failed to improve OS of the outcome of EGFR-mutant NSCLC patients when treated with atezolizumab plus carboplatin and nab-paclitaxel versus chemotherapy alone (12). By contrast, according to the IMpower 150 study, patients with EGFR mutations benefitted from atezolizumab plus bevacizumab, carboplatin, and paclitaxel (ABCP) regimen compared with BCP regimen (13), which suggested that the addition of bevacizumab to chemo-immunotherapy might confer activity to PD-L1 inhibition in EGFR-mutant NSCLC. One possible reason might be that bevacizumab could regulate tumor microenvironment such as promoting T-cell tumor infiltration by normalizing tumor vasculature (14). Other prospective clinical trials such as the KEYNOTE-789 and the CheckMate-722 which evaluate the role of chemo-immunotherapy combination in EGFR-mutant advanced NSCLC patients are in expectation (15, 16). However, in a neoadjuvant setting, it is still not clear whether EGFR-TKIs or immunotherapy should be given in the first place to those with EGFR mutations. The Phase III NeoADAURA study will evaluate the efficacy and safety of neoadjuvant osimertinib in patients with resectable EGFR-mutant NSCLC (17). In the current study, we have reported a stage IIIA EGFR mutant NSCLC with high PD-L1 expression, for whom nivolumab plus chemotherapy brought little benefit. Taken together, our case indicated that PD-L1 expression alone might not be enough to predict immunotherapy efficacy. Other aspects, such as tumor microenvironment, may also need to be considered.

Tumor immune microenvironment (TIME), comprising multiple immune cells, has important roles in predicting efficacy of ICIs. For example, infiltration of CD8+ T cells can predict benefit from PD-1 inhibitors in lung cancer patients (18). However, mutational activation of EGFR might downregulate MHC-I expression, which could result in a decreased number of infiltrating CD8+ T cells, then contributing to the poor response to ICIs (19). Furthermore, high levels of HLA-DR+/CD68+M1 macrophages are independent prognostic factors of prolonged survival in NSCLC (20). Nevertheless, an analysis demonstrated that a high proportion of CD56+CD3− cells was associated with a reduction in the proportion of CD4+ tumor-infiltrating lymphocytes (TILs) and, to a greater degree, proportion of CD8+ TILs (21). There out, the presence of M1 macrophages or NK cells also play important roles in predicting response cancer immunotherapy (20, 21). In our study, there is a baseline infiltration of CD56 dim NK cells and low CD8+ T cells from tumor cells. In addition, the increase of CD8+ T cells with low Granzyme B staining on post treatment samples suggests that these CD8+ T cells are bystanders rather than tumor specific. Those facts may explain primary resistance of the patient to nivolumab plus chemotherapy even with high PD-L1 expression. Taken together, comprehensive analysis of PD-L1 expression, driver gene status, and TIME may better predict the efficacy of immunotherapy.

Our study has the following limitations. First, the genetic testing was not performed at baseline, which was important for a female patient with no smoking history and small sample tissue. Secondly, the PD-L1 and multi-color immunofluorescent of the re-biopsy tissues after disease progression were not implemented on comparison with that of the baseline tissues due to shortage of samples.

In conclusion, our case suggests a possible biological rationale which could explain the resistance to chemo-immunotherapy, indicating that comprehensive detection of PD-L1 expression, driver gene status, together with tumor immune microenvironment may offer a better prediction of treatment efficacy for EGFR mutant NSCLC patients, even in the case of high PD-L1 expression.



Data Availability Statement

The original contributions presented in the study are included in the article/supplementary material. Further inquiries can be directed to the corresponding authors.



Ethics Statement

The studies involving human participants were reviewed and approved by the Daping Hospital, Army Medical University. The patients/participants provided their written informed consent to participate in this study.



Author Contributions

Concept and design: LL, HY. Acquisition, analysis, or interpretation of data: ZQ, ZX, MQ, LN, WR, and LZ. Drafting of the manuscript: ZQ, ZX, and LL. Critical revision of the manuscript for important intellectual content: All authors. Obtained funding: LL, HY. Supervision: HY. All authors listed have made a substantial, direct, and intellectual contribution to the work and approved it for publication.



Funding

This work was supported by the Daping Hospital of Army Medical University (2019CXLCA003, 2019CXLCB011) and a Science Foundation for Outstanding Young People of the Army Medical University. The funders of the current study had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.



References

1. Lim, SM, Hong, MH, and Kim, HR. Immunotherapy for Non-Small Cell Lung Cancer: Current Landscape and Future Perspectives. Immune Netw (2020) 20:e10. doi: 10.4110/in.2020.20.e10

2. Siegel, RL, Miller, KD, and Jemal, A. Cancer Statistics, 2020. CA Cancer J Clin (2020) 70:7–30. doi: 10.3322/caac.21590

3. Ramnath, N, Dilling, TJ, Harris, LJ, Kim, AW, Michaud, GC, Balekian, AA, et al. Treatment of Stage III Non-Small Cell Lung Cancer: Diagnosis and Management of Lung Cancer, 3rd Ed: American College of Chest Physicians Evidence-Based Clinical Practice Guidelines. Chest (2013) 143(5 Suppl):e314S–40S. doi: 10.1378/chest.12-2360

4. Provencio, M, Nadal, E, Insa, A, García-Campelo, MR, Casal-Rubio, J, Dómine, M, et al. Neoadjuvant Chemotherapy and Nivolumab in Resectable Non-Small-Cell Lung Cancer (NADIM): An Open-Label, Multicentre, Single-Arm, Phase 2 Trial. Lancet Oncol (2020) 21:1413–22. doi: 10.1016/S1470-2045(20)30453-8

5. Forde, PM, Spicer, J, Lu, S, Provencio, M, Mitsudomi, T, Awad, MM, et al. Nivolumab + Platinum-Doublet Chemotherapy vs Chemotherapy as Neoadjuvant Treatment for Resectable (IB–IIIA) Non-Small Cell Lung Cancer in the Phase 3 CheckMate 816 Trial. Oral presentation at: American Association for Cancer Research; April 10–15, 2021; virtual. Abstract CT003.

6. Peters, S, Kim, AW, Solomon, B, Gandara, DR, Dziadziuszko, R, Brunelli, A, et al. 82tip - Impower030: Phase III Study Evaluating Neoadjuvant Treatment of Resectable Stage II-IIIB Non-Small Cell Lung Cancer (NSCLC) With Atezolizumab (Atezo) + Chemotherapy. Abstract Book of the European Lung Cancer Congress (ELCC) (2019) Apr 10-13, Geneva, Switzerland. Ann Oncol (2019) 30:ii30–. doi: 10.1093/annonc/mdz064.014

7. Tsuboi, M, Luft, A, Ursol, G, Kato, T, Levchenko, E, Eigendorff, E, et al. 1235tip Perioperative Pembrolizumab + Platinum-Based Chemotherapy for Resectable Locally Advanced Non-Small Cell Lung Cancer: The Phase III KEYNOTE-671 Study. Ann Oncol (2020) 31:S801–2. doi: 10.1016/j.annonc.2020.08.1437

8. Lee, CK, Man, J, Lord, S, Links, M, Gebski, V, Mok, T, et al. Checkpoint Inhibitors in Metastatic EGFR-Mutated Non-Small Cell Lung Cancer-a Meta-Analysis. J Thorac Oncol (2017) 12:403–7. doi: 10.1016/j.jtho.2016.10.007

9. Lisberg, A, Cummings, A, Goldman, JW, Bornazyan, K, Reese, N, Wang, T, et al. A Phase II Study of Pembrolizumab in EGFR-Mutant, PD-L1+, Tyrosine Kinase Inhibitor Naïve Patients With Advanced NSCLC. J Thorac Oncol (2018) 13:1138–45. doi: 10.1016/j.jtho.2018.03.035

10. Kato, S, Goodman, A, Walavalkar, V, Barkauskas, DA, Sharabi, A, and Kurzrock, R. Hyperprogressors After Immunotherapy: Analysis of Genomic Alterations Associated With Accelerated Growth Rate. Clin Cancer Res (2017) 23:4242–50. doi: 10.1158/1078-0432.CCR-16-3133

11. Cho, JH, Jung, HA, Lee, SH, Ahn, JS, Ahn, MJ, Park, K, et al. Impact of EGFR Mutation on the Clinical Efficacy of PD-1 Inhibitors in Patients With Pulmonary Adenocarcinoma. J Cancer Res Clin Oncol (2019) 145:1341–9. doi: 10.1007/s00432-019-02889-0

12. West, H, McCleod, M, Hussein, M, Morabito, A, Rittmeyer, A, Conter, HJ, et al. Atezolizumab in Combination With Carboplatin Plus Nab-Paclitaxel Chemotherapy Compared With Chemotherapy Alone as First-Line Treatment for Metastatic Non-Squamous Non-Small-Cell Lung Cancer (Impower130): A Multicentre, Randomised, Open-Label, Phase 3 Trial. Lancet Oncol (2019) 20:924–37. doi: 10.1016/S1470-2045(19)30167-6

13. Reck, M, Mok, TSK, Nishio, M, Jotte, RM, Cappuzzo, F, Orlandi, F, et al. Atezolizumab Plus Bevacizumab and Chemotherapy in Non-Small-Cell Lung Cancer (Impower150): Key Subgroup Analyses of Patients With EGFR Mutations or Baseline Liver Metastases in a Randomised, Open-Label Phase 3 Trial. Lancet Respir Med (2019) 7:387–401. doi: 10.1016/S2213-2600(19)30084-0

14. Hegde, PS, Wallin, JJ, and Mancao, C. Predictive Markers of Anti-VEGF and Emerging Role of Angiogenesis Inhibitors as Immunotherapeutics. Semin Cancer Biol (2018) 52(Pt 2):117–24. doi: 10.1016/j.semcancer.2017.12.002

15. Riely, G, Hui, R, Carbone, D, Park, K, Carrigan, M, Xu, X, et al. P1.01-81 Phase 3 Study of Pemetrexed-Platinum With or Without Pembrolizumab for TKI-Resistant/EGFR-Mutated Advanced NSCLC: KEYNOTE-789. J Thorac Oncol (2018) 13:S494–. doi: 10.1016/j.jtho.2018.08.637

16. Park, K, Yang, JC, Girard, N, Mok, T, Gainor, J, Nakagawa, K, et al. P1-182 - Nivolumab + Chemotherapy vs Chemotherapy in EGFR-Mutated NSCLC After 1L or 2L EGFR-Tkis (Checkmate 722. Ann Oncol (2019) 30:vi126–. doi: 10.1093/annonc/mdz343.039. 2019 the Japanese Society of Medical Oncology Annual Meeting; 2019 Jul 18–20; Kyoto, Japan.

17. Tsuboi, M, Weder, W, Escriu, C, Blakely, C, He, J, Dacic, S, et al. Neoadjuvant Osimertinib With/Without Chemotherapy Versus Chemotherapy Alone for EGFR-Mutated Resectable Non-Small-Cell Lung Cancer: Neoadaura. Future Oncol (2021) 17:4045–55. doi: 10.2217/fon-2021-0549

18. Fumet, JD, Richard, C, Ledys, F, Klopfenstein, Q, Joubert, P, Routy, B, et al. Prognostic and Predictive Role of CD8 and PD-L1 Determination in Lung Tumor Tissue of Patients Under Anti-PD-1 Therapy. Br J Cancer (2018) 119:950–60. doi: 10.1038/s41416-018-0220-9

19. Watanabe, S, Hayashi, H, Haratani, K, Shimizu, S, Tanizaki, J, Sakai, K, et al. Mutational Activation of the Epidermal Growth Factor Receptor Down-Regulates Major Histocompatibility Complex Class I Expression via the Extracellular Signal-Regulated Kinase in Non-Small Cell Lung Cancer. Cancer Sci (2019) 110:52–60. doi: 10.1111/cas.13860

20. Rakaee, M, Busund, LR, Jamaly, S, Paulsen, EE, Richardsen, E, Andersen, S, et al. Prognostic Value of Macrophage Phenotypes in Resectable Non-Small Cell Lung Cancer Assessed by Multiplex Immunohistochemistry. Neoplasia (2019) 21:282–93. doi: 10.1016/j.neo.2019.01.005

21. Crome, SQ, Nguyen, LT, Lopez-Verges, S, Yang, SY, Martin, B, Yam, JY, et al. A Distinct Innate Lymphoid Cell Population Regulates Tumor-Associated T Cells. Nat Med (2017) 23:368–75. doi: 10.1038/nm.4278




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.


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.

Copyright © 2022 Zhao, Zhang, Ma, Luo, Liu, Wang, He and Li. 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/Images/fonc-12-765997-g002.jpg





OEBPS/Images/logo.jpg
’ frontiers
in Oncology





OEBPS/Images/fonc-12-765997-g001.jpg
2020.08
Getain ©

immunotherapy Gefitinib,

2020.07






OEBPS/Images/fonc-12-765997-g003.jpg
€D (White) D68, HLADR

Granzyme B, PD on immunotherspy






OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Case Report: An “Immune-Cold” EGFR Mutant NSCLC With Strong PD-L1 Expression Shows Resistance to Chemo-Immunotherapy

      

        		

          Introduction

        



        		

          Case Description

        



        		

          Discussion

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fonc.2022.765997_cover.jpg
, frontiers
in Oncology

Case Report: An “Immune-Cold”
EGFR Mutant NSCLC With Strong
PD-L1 Expression Shows Resistance
to Chemo-Immunotherapy





