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Background

The first-line standard treatment option for patients with NSCLC complicated with Chronic obstructive pulmonary disease (COPD) is still unclear and relies on the treatment option of NSCLC alone. To date, a limited number of retrospective studies have explored the efficacy and safety of immunotherapy in patients with NSCLC complicated with COPD. We therefore designed this study to further explore the efficacy and safety of first-line immunotherapy in patients with NSCLC complicated with COPD.





Methods

This study was designed as a single-armed, single-center, prospective, phase II clinical study. It will include 30 advanced (stage IV) NSCLC combined with COPD primary treatment subjects. Each subject’s diagnosis will be confirmed by clinical, radiographic, pathologic, and pulmonary function evaluation. A fixed dose of 200 mg pembrolizumab will be administered by intravenous infusion on day1 every 3 weeks (Q3W). The management of stable and acute exacerbations of COPD include home oxygen therapy, and the use of conventional medications are also administered. Imaging evaluation will be performed every 6 weeks for 6 months from the first pembrolizumab dose and approximately every 12 weeks thereafter until disease progression or early withdrawal. COPD status will be evaluated every 3 months by pulmonary function, GOLD grading, mMRC score, CAT score, ABCD grouping, and AECOPD severity. The primary outcome is Progression-free survival. The secondary outcome measures include objective response rate, overall survival, rate of acute exacerbations of COPD (times/year), lung function, mMRC score, CAT score, impact of treatment on patient’s health-related quality of life, antibiotic use (including duration and classes), and adverse events associated with immune checkpoint inhibitors. Exploratory endpoint is to explore the association between COPD grade and the degree of immune cell (CD4+ T lymphocytes and CD8+ T lymphocytes) infiltration, as well as the association between COPD grade and the efficacy of immune checkpoint inhibitors.





Clinical trial registration

ClinicalTrials.gov, identifier NCT05578222.
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Introduction

Chronic obstructive pulmonary disease (COPD) is the third leading cause of death, and lung cancer is the second most common type of cancer worldwide. Both have high global incidence and mortality rates, which significantly increase socioeconomic burden (1–3). Smoke exposure, family history (genetic predisposition), and chronic inflammation are common risk factors for COPD and lung cancer (4), with smoking being the leading risk factor for lung cancer and COPD. COPD is associated with an increased lung cancer development, which is often underestimated in clinical practice. Studies have reported that 40-70% of lung cancer cases are complicated with COPD (5, 6).

COPD affects the incidence of lung cancer and may also influence the efficacy of cancer therapies (7, 8). An abnormal inflammatory response plays a role in the occurrence and development of both diseases. The tumor microenvironment of lung cancer is conducive to angiogenesis and immunosuppression, which eventually leads to the immune escape of tumor cells and tumor formation (9, 10). COPD-like chronic inflammation is associated with immune escape mediated by the programmed death-1 (PD-1)/programmed cell death 1 ligand 1 (PD-L1) pathway and has been shown to be involved in the occurrence and development of COPD-associated lung cancer (10). In addition, in a COPD mouse model complicated with lung cancer, chronic inflammation negatively affected the efficacy of immune checkpoint inhibitors (10, 11).

Pembrolizumab is a humanized monoclonal antibody against PD-1 used in cancer therapy. To date, five randomized clinical trials have demonstrated the substantial efficacy of pembrolizumab in non-small cell lung cancer (NSCLC). The Phase III KEYNOTE-024 trial showed that first-line pembrolizumab monotherapy improved progression-free survival (PFS, 10.3 vs. 6.0 months, hazard rate [HR] = 0.50) and overall survival (OS; 30.0 vs. 14.2 months, HR = 0.63) when compared with chemotherapy. In addition, pembrolizumab treatment resulted in fewer adverse events (AEs) among patients with metastatic NSCLC without EGFR/ALK alterations and a PD-L1 tumor proportion score of 50% or greater (12). KEYNOTE-042 expanded the inclusion criterion to PD-L1 tumor cell proportion score (TPS) ≥ 1%, and the results suggested that pembrolizumab significantly reduced the risk of death by 19% compared with chemotherapy. However, subgroup analysis suggested that the main beneficiary group was patients with PD-L1 TPS ≥ 50% (13). The results of thesubgroup analysis showed that compared with chemotherapy, pembrolizumab significantly prolonged the OS of patients with PD-L1 TPS ≥ 50% (median 20.0 vs. 14.0 months, HR = 0.62) and those with PD-L1 TPS 1–49% (median 19.9 vs. 10.7 months, HR = 0.69) (14). In 2019, the National Medical Products Administration approved pembrolizumab as the first-line treatment for patients with PD-L1 TPS ≥ 1%. According to the Chinese Society of Clinical Oncology guidelines, pembrolizumab is recommended for the first-line treatment of advanced driver negative NSCLC (Grade I recommendation), with PD-L1 TPS ≥ 50% as class 1A evidence and PD-L1 TPS ≥ 1% as class 2A evidence.

However, the KEYNOTE series of NSCLC-related studies did not consider COPD comorbidities. COPD patients often have a history of smoking. El-Osta et al. (15) found that smoking has been linked to increasing the immunogenicity of tumor cells and may improve the efficacy of immunotherapy. In addition, Malek AE et al. (16) have shown that COPD and smoking are independently associated with an increased risk of infection in patients treated with immune checkpoint inhibitors. Therefore, the efficacy and safety of pembrolizumab as a first-line treatment of patients with advanced NSCLC complicated with COPD are unclear. Retrospective studies have shown that the efficacy of PD-1/PD-Ll immune checkpoint inhibitors in patients with COPD combined with lung cancer is better than that in patients with lung cancer alone (17–19). However, these studies have some limitations. First, known clinical data were obtained retrospectively, and there are many confounding factors that may affect the results, such as age, pathological type of NSCLC, COPD grade, smoking status, and hormone use. Second, the influence of COPD on immune cell infiltration in tumor tissue is unclear. A study by Biton (17) showed that tumor-specific CD8+ T cell depletion positively correlated with COPD severity. However, Mark et al. (18, 20, 21) found that the infiltration level of tumor-specific CD4+ and CD8+ T cells in patients with COPD complicated with lung cancer was higher than that of patients without COPD. In addition, findings regarding the correlation between COPD and PD-L1 expression in NSCLC tissues are conflicting. Third, previous studies have suggested that PD-1/PD-Ll immune checkpoint inhibitors could aggravate lung tissue damage and COPD symptoms (19, 22). However, these studies lacked parameters, such as the GOLD scale, mMRC dyspnea questionnaire, CAT score, and ABCD grouping, which limited COPD assessment. Therefore, in this clinical trial, we aim to evaluate the efficacy and safety of pembrolizumab as a first-line treatment for advanced NSCLC with COPD.





Methods




Study design

This study was designed as a single-arm, single-center, prospective, phase II clinical study. It will include 30 advanced (stage IV) NSCLC combined with COPD primary treatment subjects. The diagnosis of each subject will be confirmed by clinical, radiographic, pathologic, and pulmonary function evaluation. Patient recruitment was initiated in November 2022, and we plan to complete the study in December 2024. This trial has been approved by the Institutional Review Board of Tian Chest Hospital (Approval date: August 25, 2022 and approval number: 2022KY-012-01) and has been registered in the clinicaltrials.gov database (NCT05578222). A schematic diagram of the trial is presented in Figure 1.




Figure 1 | A schematic diagram of subjects’ enrolment, interventions, assessments, and visits.







Eligibility criteria

Adult patients with treatment-naïve, confirmed advanced (stage IV) NSCLC combined with COPD, PD-L1 TPS ≥ 1%, and an Eastern Cooperative Oncology Group performance status of 0 to 2 will be enrolled. As mentioned previously, NSCLC stage and diagnosis will be confirmed by clinical, radiographic, pathologic, and pulmonary function evaluation. Inclusion and exclusion criteria are shown in Table 1.


Table 1 | Inclusion and exclusion criteria.







Patient withdrawal

Patients will be withdrawn from this study for the following reasons: (1) Subject or legal representative requests early withdrawal; (2) Unexpected rapid progression or radiographically confirmed disease progression occurs; (3) COPD-related exacerbations progress to acute exacerbation of chronic obstructive pulmonary disease (AECOPD) grade II-III; (4) Occurrence of any of the following during treatment: grade 3 hematologic toxicity, grade 3 neutrophil count decrease with fever (>38.5°C), grade 3 thrombocytopenia with bleeding tendency, esophageal perforation, severe pulmonary/mediastinal infection, hemorrhage, myocardial infarction, heart failure, severe arrhythmia, grade 2 or higher grade immune pneumonia, grade 3 or higher grade immune hepatitis, infusion reactions, or other immune-related toxicity; (5) 2-week treatment delay (for any reason); (6) Pregnancy; (7) The investigator considers it necessary to withdraw a patient from the study; (8) Subject cannot be followed up. All patients who withdraw will be followed up according to the study protocol, and the follow-up results will be recorded unless the patient withdraws informed consent and refuses to follow-up.





Study treatments

The management of stable and acute exacerbations of COPD include home oxygen therapy and the use of conventional medications such as bronchodilators, inhaled corticosteroids, and expectorants.

A fixed dose of 200 mg pembrolizumab will be administered via intravenous infusion on day 1 every 3 weeks (Q3W). The efficacy will be evaluated according to the Response Evaluation Criteria in Solid Tumours (RECIST) v1.1 evaluation criteria. If a progressive disease (PD) result is obtained, medication use will be continued in patients with clinically stable symptoms and in patients that could potentially benefit from continued treatment. Efficacy will then be re-evaluated after 4 weeks using the immune-related response criteria (irRC) criteria. If the reassessment result is no progression, treatment will be continued. Treatment will also be continued (with consent) if the result is progression, the subject has no other treatment options, or the investigator believes that the patient would benefit from continued treatment. Patients will be withdrawn from the study upon their or the investigator’s request or owing to PD or intolerable toxicity.

Drugs that interfere with hepatic P450 enzymes and cause QT prolongation in the heart, traditional Chinese medicines, and immunological agents with anticancer properties will be contraindicated or used with caution during the study period. At the end of the treatment period, the investigator will recommend follow-up treatment.





Outcome measurements

The primary outcome is PFS, defined as the time from randomization initiation to the progression of tumor or death for any reason (refer to RECIST v1.1).

The secondary outcomes include objective response rate (ORR), overall survival (OS), rate of acute COPD exacerbations (times/year), lung function, mMRC score, CAT score, impact of treatment on patient’s health-related quality of life (HRQoL), antibiotic use (including duration and classes), and AEs associated with immune checkpoint inhibitors. ORR is defined as the proportion of patients with complete response (CR) and partial response (PR) and is used to estimate the treatment efficacy according to RECIST v1.1. OS was measured as the period from the diagnosis of lung cancer to death. Acute exacerbation was defined if respiratory tract symptoms such as cough, sputum production, and dyspnea were significantly worse than usual, and the treatment program had to be adjusted, such as by using oral or intravenous glucocorticoid treatment combined with or without antibiotics, while excluding pneumothorax, heart failure, pneumonia, and other diseases. Acute exacerbations of COPD are classified as Grades I-III according to clinical symptoms.

Exploratory endpoint is to explore the association between COPD grade and the degree of immune cell (CD4+ T lymphocytes and CD8+ T lymphocytes) infiltration, as well as the association between COPD grade and the efficacy of immune checkpoint inhibitors.





Study schedule and assessments

The study flow and visit schedule are shown in Table 2. Baseline data, such as ECOG score, QLQ-C30 score, height, weight, physical examination, vital signs, laboratory examination, electrocardiogram, lung function, mMRC score, CAT score, ABCD grouping, and AECOPD severity, will be recorded during the screening period (less than 2 weeks prior to initial administration of the study drug). Previous and recent tumor samples will be collected. The expression of PD-L1 in tumor tissue samples will be determined via immunohistochemical staining, and the expression of CD4+ and CD8+ T lymphocytes will be determined via immunofluorescence staining.


Table 2 | Study flow chart and visit schedule.



Baseline tumor imaging evaluation will be completed within 2 weeks of initial treatment. Imaging evaluation will be performed every 6 weeks for 6 months from the first pembrolizumab dose and approximately every 12 weeks thereafter until disease progression or early withdrawal. The anti-tumor efficacy will be evaluated according to RECISTv1.1 and irRC (23).

Pembrolizumab-related AEs will be determined after each treatment cycle. The severity of AEs will be determined according to NCI-CTC AE 5.0. Investigators will be responsible for the appropriate measurement of AEs and will determine the relationships between AEs and the study drugs. AEs will be followed up until they were grades 0 to 1 or stabilized or returned to baseline levels. COPD status will be evaluated every 3 months according to pulmonary function, GOLD grading, mMRC score, CAT score, ABCD grouping, and AECOPD severity (24).

HRQoL will be assessed by completing the European Organisation for Research and Treatment of Cancer core quality of life questionnaire (QLQ-C30) at baseline, evaluation visits, end-of-treatment visits, and safety follow-up visits (within 30 d after the last dose).





Data management

A paper case report form (CRF) will be developed before commencing the study. Patient information will be recorded using the CRF. The data manager will verify the CRF data, which will then be entered into a data management system. Doubtful data will be provided to the researchers for verification. Patient-identifying information, such as name, telephone number, and home address, will not be entered into the data management system. The verified data will be sent to statisticians for statistical analysis.

Some useful measures are often used to minimize the occurrence of lost follow-up. Firstly, a clinical nurse will be arranged to maintain long-term contact with the patien, and save information on commonly used contact methods of the patient such as telephone number, WeChat, email address, among others. In addition, the nurse will be in contact with the patient every other day to monitor the patient for immune-related adverse reactions. When the patient reports an adverse reaction, the nurse will promptly report it to the doctor, who will then contact the patient and give reasonable treatment. At the same time, it is also very important to save the contact information of at least one family member of the patient, so that the patient can be contacted in a timely manner.





Statistics




Determination of sample size

Based on the data from the KEYNOTE-042 study, the median PFS of the target subjects receiving the trial treatment in this study is expected to be 6 months. The enrollment time is 1.5 years, and the follow-up time is 1 year. The type I error rate is 5%, and the power is 80%. Considering a 10% abscission rate, the current study will include 30 patients with advanced NSCLC with COPD.





Planned analyses

The mean, standard deviation, median, quartile, and maximum and minimum values will be calculated for measurement data. Frequency and percentage will be calculated for counting data. Paired-samples t-test and the Wilcoxon rank sum test will be performed to compare before- and after-treatment measurements for normal and non-normal distributions, respectively. The Kaplan-Meier method will be used to estimate the median progression-free time and its 95% confidence interval. Full analysis set (FAS) and per protocol set (PPS) will be used to analyze the efficacy indexes, and safety set (SS) will be used to analyze the safety data. Statistical significance will be set at p-value < 0.05.





Trial status

This trial is open for recruitment. The first patient was enrolled in February 2023, after all legal approvals required in China were received.







Discussion

Currently, immune checkpoint inhibitors are the standard first-line treatment for patients with stage IV driver-negative NSCLC. However, evidence-based medical use of first-line immunotherapy for NSCLC does not consider COPD, which may affect the efficacy and safety of the treatment. Currently, the first-line standard treatment option for patients with NSCLC complicated with COPD remains unclear and relies on the treatment of NSCLC alone. To date, a limited number of retrospective studies have explored the efficacy and safety of immunotherapy in patients with NSCLC complicated with COPD. Therefore, this prospective, single-arm phase II clinical study was designed to explore the efficacy and safety of first-line immunotherapy in patients with NSCLC complicated with COPD. We expect that the results of this phase II study will provide preliminary evidence for future randomized controlled clinical trials on the use of first-line immunotherapy for NSCLC complicated with COPD.
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