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Case Report: Low-Dose Decitabine Plus Anti-PD-1 Inhibitor Camrelizumab for Previously Treated Advanced Metastatic Non-Small Cell Lung Cancer
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Background: Although the programmed death 1 (PD-1)/programmed death-ligand 1 (PD-L1) inhibitors have markedly changed the strategies of cancer treatment, most patients with advanced non-small cell lung cancer (NSCLC) do not respond to PD-1/PD-L1 monotherapy. Epigenetic drugs have been hypothesized to possess the potential to sensitize PD-1/PD-L1 inhibitors.

Case Presentation: Three patients with advanced metastatic NSCLC failed to respond to first-line systemic therapy and had a low tumor mutation burden, low tumor neoantigen burden, low microsatellite instability, and HLA loss of heterozygosity according to their target lesion biopsies, all of which were considered unfavorable factors for PD-1/PD-L1 blockage. However, all three patients responded to low-dose decitabine, an epigenetic drug, in combination with camrelizumab (anti-PD-1 antibody), with only controllable adverse events, indicating that low-dose decitabine can sensitize PD-1/PD-L1 inhibitors.

Summary: We report a novel therapy with low-dose decitabine plus camrelizumab for advanced NSCLC on the basis of successful treatment of three patients, emphasizing the potential of epigenetic drugs to regulate PD-1/PD-L1 inhibitors in advanced NSCLC.
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INTRODUCTION

Programmed cell death protein 1(PD-1)/programmed cell death-ligand 1(PD-L1) inhibitors have changed the treatment strategy for lung cancer (1, 2). However, only some patients with advanced metastatic non-small cell lung cancer (NSCLC) can benefit from PD-1/PD-L1 blockade monotherapy. The combination of PD-1/PD-L1 inhibitors and other therapies has attracted increasing attention (3). Decitabine, a type of hypomethylating agent (HMA), is approved by the United States Food and Drug Administration for the treatment of myelodysplastic syndrome and acute myeloid leukemia (4). It has been reported that low-dose decitabine could increase CD8+, CD4+, and IFNγ+ T cell infiltration and broaden the peripheral T cell receptor repertoire through DNA demethylation (5–7). Therefore, it was hypothesized that low-dose decitabine as an epigenetic drug could improve the efficacy of PD-1/PD-L1 antibodies. Currently, epigenetic drugs in combination with PD-1/PD-L1 antibodies have been studied for the treatment of lymphoma, acute myeloid leukemia, and myelodysplastic syndrome (4, 8–10), but there are few studies on their efficacy against solid tumors.

In this study, we present three cases of previously treated advanced metastatic NSCLC that benefitted from low-dose decitabine plus PD-1 inhibitor camrelizumab therapy.



CASE DESCRIPTION


Case 1

A 47-year-old man with no history of smoking was hospitalized due to irritating cough. The computed tomography (CT) scan showed a mass in the right lung with multiple metastases in mediastinal lymph nodes and right bronchopulmonary hilar lymph nodes. Pathology of right lung puncture was undifferentiated adenocarcinoma. Molecular testing of small biopsy specimens revealed no positive mutation or rearrangement of epidermal growth factor receptor (EGFR) and Anaplastic Lymphoma kinase (ALK). He was diagnosed with stage IV lung adenocarcinoma in November, 2016. Then he was treated with 6 cycles of first-line bevacizumab plus pemetrexed and cisplatin and proton radiation therapy. In August 2017, his CT scan showed multiple new metastatic lesions in bilateral supraclavicular lymph nodes, left axillary lymph nodes, retroperitoneal lymph nodes, bilateral adrenal glands, bones, and the liver, which had the largest target lesion (Figure 1A). Biopsy of the right supraclavicular metastatic lymph nodes revealed infiltration of poorly differentiated adenocarcinoma and negative molecular results. Exon sequencing results of the tumor tissue showed that the tumor mutation load (TMB) and tumor neoantigen burden (TNB) were 7.83 Muts/Mb and 3.72 Neos/Mb, respectively. Furthermore, the results revealed low microsatellite instability (MSI) and positivity for HLA loss of heterozygosity (HLA LOH). PD-L1 expression of tumor tissue measured based on tumor proportion score was positive.


[image: Figure 1]
FIGURE 1. Computed tomography scan or magnetic resonance imaging scan before (A,C,E) and after (B,D,F) low-dose decitabine combined with camrelizumab therapy in these 3 cases. Tumor lesions are indicated by red arrows.


In September 2017, the patient was prescribed low-dose decitabine (10 mg/day, days 1–5) combined with camrelizumab (200 mg, day 6) treatment every 3 weeks for 6 cycles. After 2 cycles of combination treatment, a CT scan showed that the number of mediastinal lymph nodes, right bronchopulmonary hilar lymph nodes, bilateral supraclavicular lymph nodes, left axillary lymph nodes, and retroperitoneal lymph nodes reduced significantly. The metastatic lesions in the bilateral adrenal glands, bones, and liver shrunk dramatically (Figure 1B). Irritating cough of the patient was alleviated significantly.

After 6 cycles of treatment, a new hypoechoic mass was found in the patient's back, which was confirmed from NSCLC metastasis by pathology. The patient discontinued low-dose decitabine combined with camrelizumab treatment due to disease progression. Tumor mutation load decreased from 7.83 to 0.1 Muts/Mb, TNB decreased from 3.72 to 0.03 Neos/Mb, and low MSI status and HLA-C LOH events remained unchanged during treatment. The patient complained of occasional mild nausea. The grade 3 anemia (serum hemoglobin: 70 g/L) and grade 2 nausea according to the National Cancer Institute Common Terminology Criteria for Adverse Events (CTCAE, version 4.0), was detected and could be rectified by symptomatic treatment. After the disease progressed, the patient was transitioned to hospice care and died of lung infection in April 2018.



Case 2

A 74-year-old woman without a prior history of smoking was hospitalized for pain in the right lower chest wall. CT scan detected multiple nodules in the right lung accompany with mediastinal lymph nodes, liver, and pleural nodules metastases. Pathology of right lung mass suggests lung adenocarcinoma. Molecular testing of tumor tissues revealed EGFR 858R and EGFR T790M mutations. Results for other common carcinogenic gene mutations and rearrangements were negative. In April 2016, the patient was diagnosed with stage IV lung adenocarcinoma. She was prescribed gefitinib for 7 months, then she switched to osimertinib, which obtained stable disease in 1 month, and disease progress in 3 months. She was given pemetrexed for another 2 cycles, but discontinued the treatment due to excessive gastrointestinal reaction intolerance. Besides, she was also subjected to microwave ablation of the liver. In September 2017, a CT scan revealed enlarged pulmonary and pleural nodules (Figure 1C). Exon sequencing results of the metastatic pleural nodules revealed low TMB (2.49 Muts/Mb), low TNB (1.55 Neos/Mb), low MSI, and positivity for HLA LOH. In the same month, the patient received low-dose decitabine (10 mg/day, days 1–5) plus camrelizumab (200 mg, day 6) every 3 weeks for 7 cycles. The mediastinal lymph nodes, liver, and pleural nodule metastases dramatically shrunk after 2 cycles of combination therapy (Figure 1D). Besides, her pain in the right lower chest wall also improved obviously after 2 cycles of treatment. After 7 cycles of treatment, the lung CT scan showed enlargement of the right lung and pleural lesions. She stopped low-dose decitabine combined with camrelizumab treatment due to disease progression. During combined therapy, TMB increased from 2.49 to 2.98 Muts/Mb, TNB decreased from 1.55 to 1.32 Neos/Mb, and the MSI status and HLA LOH events remained unchanged. The patient admitted to having moderate fatigue and vomit. The clinician assessed that he had experienced grade 2 fatigue and grade 2 vomit in terms of the CTCAE (version 4.0), and the adverse events were tolerable. Finally, the patient died of multiple organ failure in May 2019.



Case 3

A 46-year-old female patient with no smoking history sought treatment due to tussiculation. CT scan found a mass in the upper left hilum with bilateral mediastinal lymph nodes, liver, and bone metastases. Tumor biopsy (bronchoscopy) pathology revealed invasive lung adenocarcinoma in the upper left lobe. No positive mutation or rearrangement of EGFR or ALK was found on molecular testing of small biopsy specimens. PD-L1 expression of tumor tissue measured based on tumor proportion score was positive. The patient was diagnosed IV lung adenocarcinoma in October 2015. She was administered 18 cycles of pemetrexed plus cisplatin and bevacizumab and was subjected to thrombectomy for hepatic artery chemotherapy. In April 2017, a CT scan revealed that metastatic lesions in the liver increased significantly (Figure 1E) and thus the patient was administered low-dose decitabine (10 mg/day, days 1–5) plus camrelizumab (200 mg, day 6) every 3 weeks for 8 cycles. After 2 cycles of treatment, abdominal magnetic resonance imaging revealed a reduction in the lesions of the liver lobe (Figure 1F). What's more, tussiculation of the patient also improved significantly. After 8 cycles of therapy, the patient showed enlarged liver lesions. She stopped combination therapy as a result of disease progression. Simultaneously, TMB decreased from 1.91 to 1.16 Muts/Mb, TNB decreased from 0.75 to 0.45 Neos/Mb, and MSI status and HLA LOH events remained unchanged. The patient complained of occasional mild decreased appetite. Physician assessed him to have controllable grade 2 hyperthyroidism and grade 2 fatigue based on the CTCAE (version 4.0) during combination therapy. After disease progression, she switched to crizotinib orally because ALK gene mutation was detected.

All the three patients' characteristics, whole exon sequencing results (MagBind® Blood & Tissue DNA HDQ 96 Kit, Agilent Technologies) of tumor biopsies before and after combination therapy are shown in Table 1 A figure of the treatment timeline of the three patients is revealed in Figure 2. The expression of PD-L1 on tumor cells was evaluated by tumor proportion score using the Dako 22C3 pharmDx assay (Dako North America, Carpinteria, California, USA) on archives or fresh pre-treated biopsy samples. PD-L1 expression of tumor tissue measured based on tumor proportion score. Tumor PD-L1 positive expression means that at least 1% of tumor cells are enveloped with any intensity in at least 100 sections where tumor cells can be evaluated. All three patients signed an informed consent and were included in the clinical trial of decitabine combined with anti-PD-1 antibody (NCT01799083).


Table 1. Patient characteristics and whole exon sequencing results of tumor biopsies before and after decitabine plus camrelizumab combination therapy.

[image: Table 1]


[image: Figure 2]
FIGURE 2. The treatment timeline of the three patients.





DISCUSSION

We report three patients with advanced NSCLC who failed to respond to first-line treatment. The patients had successfully completed a novel treatment regimen of low-dose decitabine plus antibodies; however, gene sequencing of the tumor tissues of these three patients revealed a low TMB, low TNB, low MSI, and HLA LOH, which did not contribute to immunotherapy. Effective treatment of these three patients revealed that epigenetic drugs may sensitize PD-1/PD-L1 blockage, exposing new ideas for advanced NSCLC.

In our previous study, we found that the increased IFNγ+ T cell infiltration can be responsible for the clinical responses of low-dose decitabine antitumor therapy in solid tumor patients (including four patients with lung adenocarcinoma) (7). Futhermore, we also discovered that low-dose decitabine plus PD-1 inhibitors may reverse resistance to PD-1 inhibitors in patients with relapsed/refractory classical Hodgkin lymphoma patients in whom second-line treatment or higher failed (4). Wrangle et al. found that advanced NSCLC patients who have previously used decitabine can benefit from PD-1/PD-L1 antibodies (11). This suggested that HMAs may enhance and sensitize response to PD-1/PD-L1 blocking therapy in advanced NSCLC. However, in a phase II clinical study on advanced NSCLC, CC-486 (oral azacitidine) did not increase the median progression-free survival (PFS) associated with pembrolizumab (2.9 vs. 4 months). Moreover, CC-486 increased toxicity, which led to treatment discontinuation (12). Unlike the above clinical trial results, the PFS of the three patients in our study were 5.4, 6.8, and 6.5 months, respectively. Concurrently, of these three patients, one patient complained of mild nausea during treatment, one patient admitted to having moderate weakness and vomit, and the other patient complained of occasional mild appetite decreased. Clinicians assessed the adverse events of these three patients according to the CTCAE (version 4.0). The only severe adverse events is anemia, which is tolerated. Controllable treatment toxicity in the three patients did not affect treatment progress. These adverse events also existed in the clinical study of CC-486 combined with pembrolizumab in advanced NSCLC (12)

The discrepancies between the two studies may be partly explained by different epigenetic drugs. Compared with azacitidine, decitabine is associated with higher response rates in myelodysplastic syndromes (13). In addition, the duration of oral administration of cc-484 (300 mg/day, days 1–14) in this clinical study was much longer than that of decitabine (10 mg/day, days 1–5) in our study. Different doses of HMAs may lead to different levels of tolerance in patients, resulting in differences in the effectiveness and safety of treatment. More importantly, HMAs has two-way dose-dependent anti-tumor properties. High-dose HMAs mainly enters DNA by covalently capturing DNA methyltransferase, which leads to the suspension of the cell cycle and cytotoxic effects. However, low-dose HMAs is not a traditional cytotoxic effect, but changes the epigenetic profile of tumor cells. It can prevent the methylation of the tumor suppressor gene promoter CPG island and restore the expression of suppressor genes that affect tumor growth. Therefore, low-dose HMAs can not only avoid excessive cytotoxicity, but also inhibit tumor growth by regulating the epigenetic state (14–16). Due to the rapid clearance of cytidine deaminase in the gut and liver, the oral bioavailability of HMAs is very low, which is one of the reasons for the poor oral effect of HMAs (17). Therefore, intravenous infusion of low-dose decitabine may be more helpful to sensitize PD-1 antibodies against tumors under low toxicity.

Research on the biomarkers of PD-1/PD-L1 blockade is extensive. Numerous studies have shown that PD-L1 positive patients can benefit from PD-1 or PD-L1 blockade (18, 19). However, recent meta-analyses have confirmed that irrespective of whether PD-L1 is negative or positive, it can benefit from PD-1 or PD-L1 blocking antibodies (20, 21). Of the three cases we studied, two were PD-L1 positive and benefited from HMAs combined with PD-1/PD-L1 antibody therapy. Hence, PD-L1 positivity may be a good biomarker for the combination of decitabine and PD-1 inhibitor, but there is still a need for more studies to confirm this finding.

High TMB, high TNB, and high MSI have been shown to be good biomarkers for immunotherapy (22–24), whereas HLA LOH is thought to as an increased risk of resistance to immunotherapy (25). All three patients had low TMB, low TNB, low MSI, and HLA LOH positivity, and it is speculated that patients may not benefit from PD-1 blockade. However, the real-world situation is that all three patients benefited from decitabine combined with PD-1 antibodies, revealing that low-dose decitabine may increase the sensitivity of PD-1 antibody therapy to avoid tumor escape and prevent resistance to immunotherapy, whereas TMB, TNB, MSI, and HLA LOH may not be good biomarkers of low-dose decitabine combined with PD-1 antibodies.

PD-1 antibodies can increase the anti-tumor effect by preventing T cell exhaustion, but the epigenetic profile of exhausted T cells is stable and limits long-term rejuvenation and the antitumor effects of exhausted T cells after PD-1 blockade (26). Concurrently, low-dose decitabine can alter the epigenetic status of tumors and immune cells. Our previous studies have revealed that low-dose decitabine can increase the anti-tumor capacity of T cells in solid tumors by increasing CD8+, CD4+, and IFNγ+ T cell infiltration and broadens the peripheral T cell receptor repertoire (5–7). In addition, decitabine can increase the expression of interferon signaling pathways, antigen presentation pathways, and cytokine pathway-related genes (11).

Therefore, decitabine can sensitize PD-1 antibodies, which is supported by multiple theoretical mechanisms, but further research on the topic is needed.



CONCLUSION

We present a novel, successful, immunotherapy attempt for advanced NSCLC in three patients. Although the number of cases is limited and there are no prospective confirmatory data, our findings reveal that epigenetic regulation of immunotherapy is a reasonable suggestion in NSCLC. Besides, our specific drug dosage and duration are also available for reference. Until now, good predictors for epigenetic drugs combined with immune checkpoint blocking therapy are still lacking, and research on their mechanisms is still insufficient. Thus, we propose conducting more clinical studies on combined epigenetic agents and immunotherapy to improve the resistance of immunotherapy for advanced NSCLC and other solid tumors.



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 Institutional Ethics Committee of Chinese PLA General Hospital. The patients/participants provided their written informed consent to participate in this study. Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.



AUTHOR CONTRIBUTIONS

KF and WH: conception and design. YZ: gene sequencing. XY, YZ, YL, QY, LD, ZW, JN, DC, MB, DT, KF, and WH: manuscript writing and manuscript review. DC, MB, DT, and KF: manuscript revision. All authors made substantial contributions to the manuscript.



FUNDING

This work was supported in part by the National Natural Science Foundation of China (Nos. 81830002, 31991171, and 31971378) and Leading Talents Grant of Science & Technology from Beijing (No. Z181100006318004).



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fonc.2020.558572/full#supplementary-material



REFERENCES

 1. Sharma P, Allison JP. Immune checkpoint targeting in cancer therapy: toward combination strategies with curative potential. Cell. (2015) 161:205–14. doi: 10.1016/j.cell.2015.03.030

 2. Seidel JA, Otsuka A, Kabashima K. Anti-PD-1 and anti-CTLA-4 therapies in cancer: mechanisms of action, efficacy, and limitations. Front Oncol. (2018) 8:86. doi: 10.3389/fonc.2018.00086

 3. Doroshow DB, Sanmamed MF, Hastings K, Politi K, Rimm DL, Chen L, et al. Immunotherapy in non-small cell lung cancer: facts and hopes. Clin Cancer Res. (2019) 25:4592–602. doi: 10.1158/1078-0432.CCR-18-1538

 4. Nie J, Wang C, Liu Y, Yang Q, Mei Q, Dong L, et al. Addition of low-dose decitabine to anti-PD-1 antibody camrelizumab in relapsed/refractory classical hodgkin lymphoma. J Clin Oncol. (2019) 37:1479–89. doi: 10.1200/JCO.18.02151

 5. Nie J, Zhang Y, Li X, Chen M, Liu C, Han W. DNA demethylating agent decitabine broadens the peripheral T cell receptor repertoire. Oncotarget. (2016) 7:37882–92. doi: 10.18632/oncotarget.9352

 6. Chen M, Nie J, Liu Y, Li X, Zhang Y, Brock MV, et al. Phase Ib/II study of safety and efficacy of low-dose decitabine-primed chemoimmunotherapy in patients with drug-resistant relapsed/refractory alimentary tract cancer. Int J Cancer. (2018) 143:1530–40. doi: 10.1002/ijc.31531

 7. Li X, Zhang Y, Chen M, Mei Q, Liu Y, Feng K, et al. Increased IFNgamma(+) T cells are responsible for the clinical responses of low-dose DNA-demethylating agent decitabine antitumor therapy. Clin Cancer Res. (2017) 23:6031–43. doi: 10.1158/1078-0432.CCR-17-1201

 8. Nahas MR, Stroopinsky D, Rosenblatt J, Cole L, Pyzer AR, Anastasiadou E, et al. Hypomethylating agent alters the immune microenvironment in acute myeloid leukaemia (AML) and enhances the immunogenicity of a dendritic cell/AML vaccine. Br J Haematol. (2019) 185:679–90. doi: 10.1111/bjh.15818

 9. Daver N, Garcia-Manero G, Basu S, Boddu PC, Alfayez M, Cortes JE, et al. Efficacy, safety, and biomarkers of response to azacitidine and nivolumab in relapsed/ refractory acute myeloid leukemia: a nonrandomized, open-label, phase II study. Cancer Discov. (2019) 9:370–83. doi: 10.1158/2159-8290.CD-18-0774

 10. Daver N, Boddu P, Garcia-Manero G, Yadav SS, Sharma P, Allison J, et al. Hypomethylating agents in combination with immune checkpoint inhibitors in acute myeloid leukemia and myelodysplastic syndromes. Leukemia. (2018) 32:1094–105. doi: 10.1038/s41375-018-0070-8

 11. Wrangle J, Wang W, Koch A, Easwaran H, Mohammad HP, Vendetti F, et al. Alterations of immune response of non-small cell lung cancer with azacytidine. Oncotarget. (2013) 4:2067–79. doi: 10.18632/oncotarget.1542

 12. Levy BP, Giaccone G, Besse B, Felip E, Garassino MC, Domine Gomez M, et al. Randomised phase 2 study of pembrolizumab plus CC-486 vs. pembrolizumab plus placebo in patients with previously treated advanced non-small cell lung cancer. Eur J Cancer. (2019) 108:120–8. doi: 10.1016/j.ejca.2018.11.028

 13. Jabbour E, Short NJ, Montalban-Bravo G, Huang X, Bueso-Ramos C, Qiao W, et al. Randomized phase 2 study of low-dose decitabine vs. low-dose azacitidine in lower-risk MDS and MDS/MPN. Blood. (2017) 130:1514–22. doi: 10.1182/blood-2017-06-788497

 14. Flavahan WA, Gaskell E, Bernstein BE. Epigenetic plasticity and the hallmarks of cancer. Science. (2017) 357:eaal2380. doi: 10.1126/science.aal2380

 15. Odunsi K, Matsuzaki J, James SR, Mhawech-Fauceglia P, Tsuji T, Miller A, et al. Epigenetic potentiation of NY-ESO-1 vaccine therapy in human ovarian cancer. Cancer Immunol Res. (2014) 2:37–49. doi: 10.1158/2326-6066.CIR-13-0126

 16. Jones PA, Taylor SM. Cellular differentiation, cytidine analogs and DNA methylation. Cell. (1980) 20:85–93. doi: 10.1016/0092-8674(80)90237-8

 17. Savona MR, Odenike O, Amrein PC, Steensma DP, DeZern AE, Michaelis LC, et al. An oral fixed-dose combination of decitabine and cedazuridine in myelodysplastic syndromes: a multicentre, open-label, dose-escalation, phase 1 study. Lancet Haematol. (2019) 6:e194–203. doi: 10.1016/S2352-3026(19)30030-4

 18. Brahmer J, Reckamp KL, Baas P, Crinò L, Eberhardt WE, Poddubskaya E, et al. Nivolumab vs. docetaxel in advanced squamous-cell non-small-cell lung cancer. N Engl J Med. (2015) 373:123–35. doi: 10.1056/NEJMoa1504627

 19. Motzer RJ, Escudier B, McDermott DF, George S, Hammers HJ, Srinivas S, et al. Nivolumab vs. everolimus in advanced renal-cell carcinoma. N Engl J Med. (2015) 373:1803–13. doi: 10.1056/NEJMoa1510665

 20. Shen X, Zhao B. Efficacy of PD-1 or PD-L1 inhibitors and PD-L1 expression status in cancer: meta-analysis. BMJ. (2018) 362:k3529. doi: 10.1136/bmj.k3529

 21. Liu X, Guo CY, Tou FF, Wen XM, Kuang YK, Zhu Q, et al. Association of PD-L1 expression status with the efficacy of PD-1/PD-L1 inhibitors and overall survival in solid tumours: a systematic review and meta-analysis. Int J Cancer. (2019) 147:116–27. doi: 10.1002/ijc.32744

 22. Warth A, Körner S, Penzel R, Muley T, Dienemann H, Schirmacher P, et al. Microsatellite instability in pulmonary adenocarcinomas: a comprehensive study of 480 cases. Virchows Arch. (2016) 468:313–9. doi: 10.1007/s00428-015-1892-7

 23. Rizvi NA, Hellmann MD, Snyder A, Kvistborg P, Makarov V, Havel JJ, et al. Cancer immunology. Mutational landscape determines sensitivity to PD-1 blockade in non-small cell lung cancer. Science. (2015) 348:124–8. doi: 10.1126/science.aaa1348

 24. Huang D, Zhang F, Tao H, Zhang S, Ma J, Wang J, et al. Tumor mutation burden as a potential biomarker for PD-1/PD-L1 inhibition in advanced non-small cell lung cancer. Target Oncol. (2020) 15:93–100. doi: 10.1007/s11523-020-00703-3

 25. McGranahan N, Rosenthal R, Hiley CT, Rowan AJ, Watkins TBK, Wilson GA, et al. Allele-specific HLA loss and immune escape in lung cancer evolution. Cell. (2017) 171:1259–71.e11. doi: 10.1016/j.cell.2017.10.001

 26. Pauken KE, Sammons MA, Odorizzi PM, Manne S, Godec J, Khan O, et al. Epigenetic stability of exhausted T cells limits durability of reinvigoration by PD-1 blockade. Science. (2016) 354:1160–5. doi: 10.1126/science.aaf2807

Conflict of Interest: YZ was employed by the company YuceBio.

The remaining 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 © 2020 Yan, Zhao, Liu, Yang, Dong, Wu, Nie, Chen, Bai, Ti, Feng and Han. 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/fonc-10-558572-t001.jpg
Gender
Age

Stage at diagnosis
Smoker

EGFR mutations

ALK mutations

Before  TMB (Muts/Mb)
TNB (Neos/Mb)
MSI (%)
HLALOH

PD-L1 (%)
After TMB (Muts/Mb)
TNB (Neos/Mb)
MSI (%)
HLA LOH

PFS (months)

Case 1

M

a7

IV, metastatic
Yes

No

No

7.83

372

L:1.91
HLA-C:03°03

Positive

0.1

0.03

L:1.50
HLA-C:03°03

5.4

Case 2

F
74
IV, metastatic
No

L858R,
T790M

No

2.49

1.55

L:2.47
HLA-A:3303
HLA-B:44°03
HLA-C:07°06
NR

298

1.32

L:1.91
HLA-A:3303

Case 3

F
a6
IV, metastatic
No
No

No

1.91

0.75

L:4.72
HLA-B:46°01
HLA-C:01°02

Positive
1.16

045

L078
HLA-B:46°01
HLA-C:01°02

6.5

PFS, progression free survivel; TMB, tumor mutation burden; TNB, tumor neoantigen
burden; MSI, microsatellite instability; HLA LOH, HLA loss of heterozygous.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Case Report: Low-Dose Decitabine Plus Anti-PD-1 Inhibitor Camrelizumab for Previously Treated Advanced Metastatic Non-Small Cell Lung Cancer



		Introduction



		Case Description



		Case 1



		Case 2



		Case 3







		Discussion



		Conclusion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		Supplementary Material



		References

















OPS/images/cover.jpg
, frontiers
in Oncology

Case Report: Low-Dose Decitabine
Plus Anti-PD-1 Inhibitor
Camrelizumab for Previously
Treated Advanced Metastatic
Non-Small Cell Lung Cancer





OPS/images/fonc-10-558572-g001.gif





OPS/images/fonc-10-558572-g002.gif
e fen e
o e e T ]
-
Oet Apr Nov il

2005 oo 2007 -









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Oncology





