Abstract
Objectives:
[bookmark: _Hlk47952674]To determine activity of anti-PD-1/PD-L1 therapy combined with chemotherapy or/and antiangiogenic therapy in previously heavily treated EGFR-mutated lung cancer patients, we retrospectively evaluated the safety and efficacy of PD-1 inhibitor combined with other drugs (chemotherapy and/or antiangiogenic agent) in EGFR mutated lung cancer patients who have progressed on EGFR-TKI treatment.
Patients and methods
We identified 56 EGFR mutated lung cancer patients who treated with PD-1/PD-L1 inhibitors combined with chemotherapy/antiangiogenic therapy. Objective response rates (ORR) were assessed using RECIST v 1.1. Adverse events (AEs) were graded according to National Cancer Institute Common Terminology Criteria for Adverse Events v4.0 (CTCAE). 
Results
Objective responses were observed in 6 of 56 (10.7%) patients and disease control rate was 53.6% (30/56). The median PFS was 3.33 months with 95% CI 1.58-5.08 months. No patients achieved complete response. All six patients that achieved PR were treated with PD-1 inhibitor combined with chemotherapy or antiangiogenic therapy. Three of six patients who achieved PR were treated with radiotherapy combined with PD-1 inhibitor-based therapy. Patients who treated with PD-1 inhibitor-based therapy as second line therapy showed relatively longer PFS and higher ORR than that who received PD-1 inhibitor-based therapy as third or later line therapy (PFS: 5.50 vs. 3.27 months, P=0.301; ORR: 25.0% vs. 6.82%, P=0.071). No additional adverse event profile was observed. 
Conclusion
[bookmark: _Hlk47952699]PD-1 inhibitor combination with chemotherapy/antiangiogenic therapy showed acceptable toxicity profile and moderate efficacy on heavily treated advanced EGFR mutated lung cancer after exhaustion of target therapy.


Introduction
[bookmark: _Hlk24287589]Immune checkpoint inhibitors especially anti-programmed death-1 (PD-1)/ programmed death ligand 1(PD-L1) antibody is a new standard of care for advanced lung cancer patients without oncogenic driver alternations due to its attractive efficacy and relatively low toxicity.(1-3) EGFR mutant lung cancer is one of most important oncogenic driver mutations in lung cancer patients. Approximately 50% of patients with lung adenocarcinoma in Asian carry active EGFR mutation. Target therapy proved excellent efficacy in advanced lung cancer with EGFR mutation, with approximately 70% of response rate. (4; 5) However, almost all of patients will eventually developed resistance to target therapy after a period time of treatment. It remains controversial whether lung cancer patients with EGFR mutation can benefit from anti-PD-1/PD-L1 therapy.(6) 
Several phase 3 clinical trials’ subgroup analyses showed that EGFR-mutated lung cancer patients failed to receive prolonged progression free survival (PFS) or overall survival (OS) benefit from anti-PD-1/PD-L1 therapy compared with docetaxel.(2; 7; 8) Both pooled analysis and retrospective analysis confirmed that EGFR-mutated lung cancer can’t benefit from immunotherapy monotherapy.(9-12) In a phase 2 clinical study using durvalumab as third-line or later treatment for advanced EGFR-mutant lung cancer, clinical activity was consistent with previously reported, with median PFS of 1.9 month.(13) In a phase 2 clinical trial, none of EGFR-mutated tyrosine kinase inhibitor (TKI) naïve patients with PD-L1 expression ≥50% can respond to anti-PD-1 therapy.(14) All of these studies proved that EGFR-mutated lung cancer patients showed lack of efficacy to anti-PD-1/PD-L1 monotherapy especially for EGFR-TKI treatment naïve patients. 
Although EGFR-mutated lung cancer patients showed poor response to anti-PD-1/PD-L1 monotherapy, subgroup analysis of IMpower 150 trial showed that EGFR-mutated lung cancer can benefit from the combination of atezolizumab, carboplatin, paclitaxel and bevacizumab.(15) Although this result still needs further confirmation, it shed new light on immunotherapy in EGFR-mutated lung cancer patients. Encouraging by this result, several phase 3 clinical trials (KEYNOTE 789, CheckMate 722, ORIENT-31) are underway to assess the efficacy of anti-PD-1/PD-L1 combined with chemotherapy on patients with EGFR mutation after failure of target therapy. Therefore, we still don’t know whether EGFR-mutated lung cancer patients can benefit from immunotherapy combined with chemotherapy after exhaustion of target therapy.
The purpose of this study was to analyze the efficacy and safety of anti-PD-1/PD-L1 therapy combined with chemotherapy or/and antiangiogenic therapy in previously heavily treated EGFR-mutated lung cancer patients. In this retrospective study, we sought to evaluate the activity of PD-1 inhibitor combined with other agents (chemotherapy and/or antiangiogenic agent) in 56 lung cancer patients with EGFR mutation who have progressed on EGFR-TKI treatment and analyzed which patients who can more easily benefit from this combination treatment. 
Patients and Methods
Patients
We reviewed medical records of all EGFR-mutant positive advanced lung cancer patients treated at Jiangsu Cancer Hospital between March 2018 and December 2019, identifying patients who received PD-1 inhibitor alone or combined with chemotherapy and/or antiangiogenic therapy during their disease course. Only patients who have progressed after first or second generation of EGFR-TKI and T790M mutation negative subject and patients who carried T790M mutation and failure after third generation TKI can be included in this study. All patients included in this study contained at least one measurable disease. This study was approved by the Academic Ethics Committee of Jiangsu Cancer Hospital.
Data collection and response assessment
Medical records were reviewed and extracted on clinical pathologic features and treatment histories. Data and follow-up records were updated as of April 2019. Best response to immunotherapy-based therapy, defined as a complete or partial response and stable disease achieved at least once during the course of therapy was assessed using RECIST v 1.1 criteria. PFS was defined from the time of treatment initiation to clinical or radiographic progression or death. Adverse events (AEs) were graded according to National Cancer Institute Common Terminology Criteria for Adverse Events v4.0 (CTCAE).
Statistical analysis
Survival data were estimated using the Kaplan-Meier method and compared using the log-rank test in overall cohort and other subgroups. The overall response rates (ORR) of different subgroups were compared by Chi-square. Statistical analyses were performed using SPSS version 22.0 (SPSS, Inc). All P≤ 0.05 were considered statistical significance. 
Results
Patients’ characteristics
We identified 56 patients with EGFR mutations seen at Jiangsu Cancer Hospital who were treated with PD-1 inhibitor alone or combination with chemotherapy and/or antiangiogenic therapy. Baseline clinical and pathologic features are summarized in table 1. Majority of patients (92.9%, 52/56) were diagnosed as lung adenocarcinoma. Most of EGFR mutation types were EGFR 19 deletion and L858R except with one exon 18 mutation and one exon 20 insertion. There were 87.5% of patients with ECOG performance status 0 or1. 
Treatment characteristics
As shown in table 1, most of patients (78.6%,44/56) patients received PD-1 inhibitor-based therapy as third or later line therapy, which indicated that these patients were heavily treated before. We divided patients into several groups according to different agents that were used to combine with PD-1 inhibitor. When one patient was treated with PD-1 inhibitor combined with both chemotherapy and antiangiogenic therapy, we included this patient as PD-1 inhibitor combined with chemotherapy. Only patients who received PD-1 inhibitor combined with antiangiogenic therapy were divided into PD-1 inhibitor combined with antiangiogenic therapy group. In summary, 87.5% of patients received PD-1 inhibitor combined with chemotherapy or/and antiangiogenic therapy. Only seven patients received PD-1 inhibitor monotherapy. The PD-1 inhibitors that were used in this study contained pembrolizumab, nivolumab, camrelizumab, toripalimab and sintilimab. Both camrelizumab, toripalimab and sintilimab were PD-1 inhibitors that were approved to be used in clinic by Chinese Food and Drug Administration. Besides chemotherapy and antiangiogenic therapy, a minority of patients (14.3%, 8/56) received radiotherapy during the treatment of PD-1 inhibitor-based therapy.
Overall clinical outcomes 
As shown in figure 1A, objective radiographic responses (ORR) were observed in 6 of 56 (10.7%) patients and disease control rate (DCR) was 53.6% (30/56). No patients achieved complete response. The median PFS was 3.33 months with 95% CI 1.58-5.08 months (figure 2A). All six patients that achieved PR were treated with PD-1 inhibitor combined with chemotherapy or antiangiogenic therapy. Three of six patients with PR were treated with radiotherapy combined with PD-1 inhibitor-based therapy. Of note, five patients (5/56, 8.9%) died because of rapid progression within three months after treatment of PD-1 inhibitor-based therapy. 
Subgroup analyses
As shown in table 1 and figure 1B, ORR of patients who were treated with radiotherapy combined with PD-1 inhibitor-based therapy was significantly higher than that without radiotherapy (37.6% vs. 6.3%, P=0.008). None of seven patients who received PD-1 inhibitor monotherapy achieved complete or partial response. Patients with good performance status showed a trend of higher ORR than that with poor performance status although there was no statistically difference which potentially because of limited number of patients (figure 1B). Patients who treated with PD-1 inhibitor-based therapy as second line therapy showed relatively longer PFS and higher ORR than that who received PD-1 inhibitor-based therapy as third or later line therapy (PFS: 5.50 vs. 3.27 months, P=0.301, figure 2D; ORR: 25.0% vs. 6.82%, P=0.071, figure 2B). 
There was no significant difference of PFS between patients with EGFR 19 del and L858 mutation (figure 2B, P=0.465). There was a trend that PFS of patients who were treated with radiotherapy was higher than that without radiotherapy (5.50 vs. 2.93 months, P=0.153, figure 2C). 
Safety
As shown in table 2, 87.5% (49/56) of patients experienced treatment related adverse event (AE). 42.9% (24/56) of patients experienced treatment related AE of grade 3 or 4. One patient discontinued therapy due to grade 3 pneumonitis that was deemed to be related with anti-PD-1 therapy. The most common treatment related AEs were leukopenia, anemia, elevated ALT or AST, fatigue and decreased appetite. There was no grade 5 treatment related AEs reported. 
Discussion
In this retrospective study, we evaluated the efficacy and safety of PD-1 inhibitor combined with other therapy on heavily treated advanced lung cancer patients with EGFR mutation after exhaustion of target therapy. Our study showed that the PD-1 inhibitor-based combination therapy showed similar AEs profile comparing with EGFR wild type lung cancer. This combination therapy seems showed longer PFS than PD-1 inhibitor monotherapy reported before. However, addition of chemotherapy and/or antiangiogenic therapy to anti-PD-1 therapy didn’t show dramatic improvement on those heavily treated patients. 
EGFR mutated lung cancer is thought to be an uninflamed “cold” tumor with low tumor-infiltrating CD8+ T cells.(16; 17) It’s vital to convert this “cold” tumor into immunotherapy active “hot” tumor to improve immunotherapy efficacy on these patients. EGFR pathway activation is responsible for the formation of uninflamed tumor microenvironment.(18; 19) Treatment of EGFR blockage can modulate key EGFR signaling pathways and lead to increased immune cell infiltration,(20) which implied that treatment of PD-1/PD-L1 inhibitor may show some efficacy on EGFR mutated patients who were treated by a series of EGFR target therapy. However, the efficacy of anti-PD-1/PD-L1 monotherapy failed to show obvious improvement on EGFR mutated patients who experienced EGFR-TKI therapy.(13) Tumor cells can be killed by chemotherapy and released tumor antigen. These antigens can be presented by dendric cells to T cells and thereby improve the efficacy of immunotherapy. Therefore, chemotherapy and immunotherapy may have synergistic effect. It’s promising that combination of PD-1 inhibitor and chemotherapy may improve the efficacy on EGFR mutated patients after exhaustion of target therapy. Our study firstly proved that theses combination therapy might show better response than anti-PD-1 monotherapy but failed to show amazing efficacy on EGFR mutated patients. 
Previous studies showed that median PFS was approximately 2 months when EGFR mutated patients treated with PD-1/PD-L1 monotherapy.(11; 12) In our study, median PFS was 3.3 months, which seems improved than that of PD-1/PD-L1 monotherapy. However, this improvement was not dramatic potentially because most of these patients were heavily treated and some of them with poor performance status before they started to receive PD-1 inhibitor-based therapy. In order to analyze which patients was more likely to benefit from PD-1 inhibitor-based treatment, we did subgroups analysis and found that patients with good performance status or who received PD-1 inhibitor-based therapy as second line therapy or who were treated with radiotherapy during the treatment of immunotherapy were more likely to showed better response. However, this trend didn’t reach statistical difference. That’s might because of the limited number of patients included in this study. Previous study showed that high PD-L1 expression on tumor tissues indicated better response to anti-PD-1 therapy. However, there were only ten patients’ PD-L1 expression that were available in this study. Therefore, we didn’t analyze the efficacy difference between different PD-L1 expression.
In 2019 World Conference on Lung Cancer, result of a phase 2 study of toripalimab, a PD-1 monoclonal antibody, in combination with chemotherapy in EGFR positive advanced lung cancer patients failed to prior EGFR-TKI therapies was reported. Forty patients were included in this study.(21) This study proved relatively high response rate of PD-1 inhibitor-based therapy on EGFR mutated patients with ORR of 50.0%, DCR of 87.5%. The median duration of response was 7.0 months. The results of clinical trial were superior to our study and this was might because patients’ constitution of these two studies were different. In their study, as high as 97.5% patients received combination therapy as second line therapy and only one patient received combination therapy as third line therapy. Besides, ECOG performance status of all patients in their study were 0 or 1. However, in our study only 21.4% patients treated combination therapy as second line therapy. Most of patients received anti-PD-1 therapy as third or even later therapy. And there were 12.5% patients with poor performance status. The difference of patients’ constitution may contribute to the different results of these two studies. Of note, both of these studies contain limited number of patients which were easy to exist statistical bias. Therefore, it still needs further randomized controlled phase 3 study to confirm whether EGFR mutated lung cancer patients can benefit from PD-1 inhibitor-based combination therapy.
In summary, our study proved that PD-1 inhibitor combination with chemotherapy and/or antiangiogenic therapy showed acceptable toxicity profile and moderate efficacy on heavily treated advanced EGFR mutated lung cancer after exhaustion of target therapy. 
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Figure legend
Figure 1. ORR and DCR in all patients (A) and ORR comparison of different subgroups (B).
Figure 2. PFS of all patients (A) and PFS comparison of different subgroups (B,C,D).
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