

[image: Peripheral Blood Lymphocyte Subsets Predict the Efficacy of Immune Checkpoint Inhibitors in Non–Small Cell Lung Cancer]
Peripheral Blood Lymphocyte Subsets Predict the Efficacy of Immune Checkpoint Inhibitors in Non–Small Cell Lung Cancer





ORIGINAL RESEARCH

published: 01 July 2022

doi: 10.3389/fimmu.2022.912180

[image: image2]


Peripheral Blood Lymphocyte Subsets Predict the Efficacy of Immune Checkpoint Inhibitors in Non–Small Cell Lung Cancer


Kang Miao, Xiaotong Zhang, Hanping Wang, Xiaoyan Si, Jun Ni, Wei Zhong, Jing Zhao, Yan Xu, Minjiang Chen, Ruili Pan, Mengzhao Wang *† and Li Zhang *†


Department of Pulmonary and Critical Care Medicine, Peking Union Medical College Hospital, Chinese Academy of Medical Sciences & Peking Union Medical College, Beijing, China




Edited by: 

Xuyao Zhang, Fudan University, China

Reviewed by: 

Dongqing Wei, Shanghai Jiao Tong University, China

Jun-Ling Li, Chinese Academy of Medical Sciences and Peking Union Medical College, China

Shucai Zhang, Capital Medical University, China

*Correspondence: 

Li Zhang
 zhanglipumch1026@sina.com 

Mengzhao Wang
 mengzhaowang@sina.com











†These authors share last authorship


Specialty section: 
 This article was submitted to Cancer Immunity and Immunotherapy, a section of the journal Frontiers in Immunology


Received: 04 April 2022

Accepted: 02 June 2022

Published: 01 July 2022

Citation:
Miao K, Zhang X, Wang H, Si X, Ni J, Zhong W, Zhao J, Xu Y, Chen M, Pan R, Wang M and Zhang L (2022) Peripheral Blood Lymphocyte Subsets Predict the Efficacy of Immune Checkpoint Inhibitors in Non–Small Cell Lung Cancer. Front. Immunol. 13:912180. doi: 10.3389/fimmu.2022.912180




Background

Non–small cell lung cancer (NSCLC) has entered the era of immunotherapy. However, only partial patients were able to benefit from immune checkpoint inhibitors (ICIs). Currently, biomarkers for predicting patients’ response to ICIs are primarily tumor tissue dependent and have limited accuracy. There is an urgent need to explore peripheral blood-based biomarkers to predict the efficacy and safety of ICI therapy.



Methods

To explore the correlation between lymphocyte subsets and the efficacy and safety of ICIs, we retrospectively analyzed peripheral blood lymphocyte subsets and survival prognosis data of 136 patients with stage IV NSCLC treated with ICIs.



Results

The two factors that had the greatest impact on the prognosis of patients with NSCLC treated with ICIs were CD4+CD45RA− T cell (HR = 0.644, P = 0.047) and CD8+ T/lymphocyte (%) (HR = 1.806, P = 0.015). CD4+CD45RA− T cell showed excellent predictive efficacy (AUC = 0.854) for ICIs monotherapy, with a sensitivity of 75.0% and specificity of 91.7% using CD4+CD45RA− T cell >311.3 × 106/L as the threshold. In contrast, CD8+ T/lymphocyte (%) was only associated with the prognosis but had no predictive role for ICI efficacy. CD4+ T cell and its subsets were significantly higher in patients with mild (grades 1–2) immune-related adverse events (irAEs) than those without irAEs. CD8+CD38+ T cell was associated with total irAEs and severe (grades 3–4) irAEs but was not suitable to be a predictive biomarker.



Conclusion

Peripheral blood CD4+CD45RA− T cell was associated with the prognosis of patients with NSCLC applying ICIs, whereas CD8+CD38+ T cell was associated with irAEs and severe irAEs.
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Background

Immune checkpoint inhibitors (ICIs), represented by cytotoxic T lymphocyte-associated antigen 4 (CTLA-4) inhibitors, programmed cell death protein 1 (PD-1) inhibitors, and programmed cell death protein ligand 1 (PD-L1) inhibitors, have transformed cancer treatment since ipilimumab was first approved for melanoma in 2011 (1). ICIs bring lasting objective remission to patients with cancer by activating autologous lymphocytes. Currently, they have been approved for multiple indications including melanoma, non–small cell lung cancer (NSCLC), and head and neck squamous carcinoma. The approved ICIs in NSCLC are mainly PD-1 inhibitors, including pembrolizumab, nivolumab, camrelizumab, and tislelizumab (2). Although PD-L1 is currently the best biomarker for predicting the efficacy of ICIs in patients with NSCLC, the accuracy is still limited. However, not all patients with NSCLC can benefit from ICI therapy. Keynote-042 study showed that only 27.3% patients with positive PD-L1 were able to achieve an objective response from pembrolizumab monotherapy. In addition, the objective response rate (ORR) was only 39.1% even in those with PD-L1 ≥ 50% (3). Nevertheless, patients with low or negative PD-L1 expression may also achieve favorable efficacy from immunotherapy (4). In addition, current biomarkers for predicting patients’ response to ICIs are primarily tumor tissue dependent. Therefore, exploring new biomarkers that can predict the efficacy and safety of ICIs has become an urgent need.

The key factor for immunotherapy is to activate the lymphocytes; thus, the quantity and subset of lymphocytes are closely related to the efficacy of ICIs. T cell constitute the main effector cells involved in the immune response, which can be generally classified into cytotoxic T cell (CD8+) and regulatory T cell (CD4+). By detecting CD45RA, CD28, and CD38 molecules on the surface of T cell, they can be further categorized into memory subsets, functional subsets, and activated subsets (5). CD8+ T cells are essential participants in the anti-tumor immune response for their cytotoxicity and ability to migrate from peripheral blood into tumor tissues (6). Studies have shown that the counts of infiltrating CD8+ T cell were intimately associated with the antitumor efficacy of PD-1 inhibitors (7). In contrast to the direct tumor-killing effect of CD8+ T cells, CD4+ T cells play more of an immune-modulatory and paracrine role. CD4+ Th1 cells promote the differentiation of initial CD8+ T cell into cytotoxic T lymphocytes (CTL) through the CD70-CD27 pathway and secreting cytokines, such as interferon γ (IFN-γ) and interleukin 2 (IL-2) (8). Recently, several clinical studies have shown that the peripheral blood CD4+ T subsets may be associated with tumor objective response for immunotherapy (9, 10).

Herein, we conducted a retrospective study to analyze the correlation between baseline peripheral blood lymphocyte subsets and tumor regression after ICI therapy to explore the applicability of lymphocyte subsets to be a potential biomarker.



Methods


Study Objectives and Ethics Approval Statement

Our retrospective study collected baseline lymphocyte subset data and the follow-up information of 136 patients with stage IV NSCLC treated with ICIs. The aim was to explore the correlation between lymphocyte subsets and the therapeutic effect of ICIs and to find a new biomarker for ICI therapy. The study design was in accordance with the ethical guidelines of the Declaration of Helsinki, and ethical approval was obtained from the Ethical Review Committee of Peking Union Medical College Hospital. Informed consent was waived due to the retrospective character.



Inclusion and Exclusion Criteria

Inclusion criteria: (i) patients were pathologically confirmed NSCLC; (ii) the disease stage was stage IV; (iii) patients utilized ICIs during the course of treatment; and (iv) lymphocyte subsets were detected within 28 days before the first dose of ICIs. Exclusion criteria: (i) the follow-up period after ICI therapy <6 months; and (ii) received two or more types of ICI therapy.



Data Collection

For each patient who met the inclusion criteria, we obtained the following information separately: (i) baseline lymphocyte subset data, including total lymphocytes, B cell, T cell, NK cells, CD4+ T cell, CD8+ T cell, CD4+CD45RA− T cell, CD4+CD45RA+ T cell, CD4+CD28+ T cell, CD8+CD28+ T cell, CD8+DR+ T cell, CD8+CD38+ T cell, CD4+ T cell/lymphocyte (%), and CD8+ T cell/lymphocyte (%); (ii) patient basic information, including gender, age, tumor pathology, history of smoking, history of alcohol consumption, and eastern Cooperative Oncology Group performance status (ECOG PS) score; (iii) treatment details, including the lines of ICIs applied and whether combined with chemotherapy; (iv) efficacy and safety assessment, including ORR, progression-free survival (PFS), and irAEs.



Data Analysis

IBM SPSS version 24.0 was used for statistical analysis, and GraphPad Prism version 8.0.1 was used to graph the statistics. Median and interquartile range (IQR) were used for description of baseline lymphocyte subsets due to non-conformance with normal distribution. Patients with disease control and PFS ≥6 months were recorded as benefit group, whereas those with progressive disease (PD) or PFS <6 months were recorded as non-benefit group. Comparisons of the average values were analyzed using the Mann–Whitney test. Patient basic information and treatment details were described as count values and percentages. The receiver operating characteristic (ROC) curve was established to assess the value of efficacy prediction. CD4+CD45RA− T cell and CD8+ T/lymphocyte (%) were divided into high-level group and low-level group according to the median. Correlations between them and patient basic information were analyzed by the chi-square test. Kaplan–Meier survival curves were used to reflect differences in survival benefit. Log-rank test was used to explore the effect of basic information, treatment details, and baseline lymphocyte subsets on the efficacy of ICIs. Logistic regression was used to analyze the risk factors for irAEs and severe irAEs. All independent variables were included in the univariate regression, and then indicators that reached the threshold (P < 0.2) were included into multivariate regression. P < 0.05 was determined to be with statistical difference.




Results


Basic Characteristics of the Patients

A total of 136 patients with stage IV NSCLC met the inclusion and exclusion criteria. Among them, 94 were male and 42 were female, with a median age of 64 years old. There were more patients with non-squamous NSCLC (75 patients) than squamous NSCLC (61 patients). The majority of patients (71 patients) chose ICIs for first-line treatment, whereas 47 patients (34.6%) for the second line and 10 patients (13.2%) for the third line and beyond. Only a quarter of patients chose ICIs as monotherapy (de-chemotherapy), which means that most of patients applied ICIs combined with chemotherapy. There were 61.8% patients had smoking history and 29.4% had alcohol consumption history. Most of patients were in good physical condition on ICIs, 90.5% patients were of 0-1 ECOG PS scores (Table 1). The overall ORR of the patients was 42.6%, with a median PFS of 8.5 months. Immune-related adverse events (irAEs) occurred in 49 (36.0%) patients, of which 24 (17.6%) were grade 3 or higher.


Table 1 | Basic information.





Correlation of Lymphocyte Subsets With the Efficacy of ICIs

To explore the relationship between baseline lymphocyte subsets and the efficacy of ICIs, patients were divided into two groups based on survival benefit. Patients with disease control and PFS ≥6 months were recorded as benefit group, whereas those with PD or PFS <6 months were recorded as non-benefit group. The counts of total lymphocytes and all lymphocyte subsets were higher in the benefit group than in the non-benefit group. Among them, total lymphocytes, B cell, T cell, CD4+ T cell, various CD4+ T cell subsets (CD4+CD45RA− T cell, CD4+CD45RA+ T cell, and CD4+CD28+ T cell), and CD8+CD28+ T cell showed statistical differences (P < 0.05) (Figure S1). In addition, we explored changes in lymphocyte subsets after two cycles of ICI treatment. However, only total T cells showed a decreasing trend in the benefit group (Figure S2). Patient basic information was included into univariate cox regression analysis together with baseline lymphocyte subsets (Table 2). The results showed that gender (P = 0.196), age (P = 0.191), type of pathology (P = 0.080), lines of ICIs usage (P = 0.199), ECOG PS score (P = 0.064), B cell (P = 0.174), CD4+CD45RA− T cell (P = 0.016), and CD8+ T/lymphocyte (%) (P = 0.006) may contribute to the prognosis (threshold: P < 0.2). Multivariate cox regression showed that the two factors with the greatest impact were CD4+CD45RA− T cell (HR = 0.644, P = 0.047) and CD8+ T/lymphocyte (%) (HR = 1.806, P = 0.015), respectively (Table 3).


Table 2 | Univariate Cox regression of PFS.




Table 3 | Multivariate Cox regression of PFS.



Further, we performed a systematic analysis for these two biomarkers. Baseline CD4+CD45RA− T cells (P = 0.001) were significantly higher in the benefit group, whereas CD8+ T/lymphocytes (%) were lower in the benefit group (P = 0.09) (Figures 1A, D). However, they were not ideal biomarker for predicting the prognosis of patients with NSCLC, with the area under the curve (AUC) of the ROC being just 0.657 and 0.592 (Figures 1B, E). Kaplan–Meier survival curve showed that the high CD4+CD45RA− T-cell group (median PFS: 11.8 months) had a significantly better PFS benefit than the low CD4+CD45RA− T-cell group (median PFS: 5.9 months) (P = 0.016). There was also a difference in survival prognosis between the high CD8+ T/lymphocyte (%) group (median PFS: 6.3 months) and the low CD8+ T/lymphocyte (%) group (median PFS: 11.8 months) (P = 0.006) but showing an opposite trend to CD4+CD45RA− T cell (Figures 1C, F).




Figure 1 | Total population analysis. (A) Differences of CD4+CD45RA− T cell between benefit group and non-benefit group. (B) ROC curve of CD4+CD45RA− T cell. (C) Kaplan–Meier survival curve of different levels of CD4+CD45RA− T cell. (D) Differences of CD8+ T/lymphocyte (%) between benefit group and non-benefit group. (E) ROC curve of CD8+ T/lymphocyte (%). (F) Kaplan–Meier survival curve of different levels of CD8+ T/lymphocyte (%).





Subgroup Analysis

Considering that the patients included in this study were treated with ICIs monotherapy and ICIs combined with chemotherapy. The analysis of total population only represents the survival prognosis, but not the efficacy of ICIs. Therefore, a subgroup of 32 patients treated with ICIs monotherapy was selected for further analysis. In this subgroup, CD4+CD45RA− T cell showed a more significant difference (p = 0.002) between the benefit and non-benefit groups (Figure 2A). Notably, its efficacy as a biomarker to predict the therapeutic benefit of ICIs is also excellent (AUC = 0.854), with a sensitivity of 75.0% and specificity of 91.7% using CD4+CD45RA− T cell >311.3 × 106/L as the threshold (Figure 2B). The results of Kaplan–Meier survival curves also demonstrated close relationship between CD4+CD45RA− T cell and the efficacy of ICIs. The median PFS was not reached in the CD4+CD45RA− T-cell high group and 5.2 months in the CD4+CD45RA− T-cell low group (P < 0.001) (Figure 2C). However, CD8+ T/lymphocyte (%) did not show a better correlation with the efficacy of ICIs, with no significant difference (P = 0.075) (Figure 2D). In addition, the AUC was only 0.673 of CD8+ T/lymphocyte (%), which was considerably lower than that of CD4+CD45RA− T cell (Figure 2E). There was also no meaningful discrepancy observed between the high-level group and the low-level group of CD8+ T/lymphocyte (%) on the Kaplan–Meier survival curve (P = 0.198) (Figure 2F).




Figure 2 | Subgroup analysis of ICIs monotherapy. (A) Differences of CD4+CD45RA− T cell between benefit group and non-benefit group. (B) ROC curve of CD4+CD45RA− T cell. (C) Kaplan–Meier survival curve of different levels of CD4+CD45RA− T cell. (D) Differences of CD8+ T/lymphocyte (%) between benefit group and non-benefit group. (E) ROC curve of CD8+ T/lymphocyte (%). (F) Kaplan–Meier survival curve of different levels of CD8+ T/lymphocyte (%).



Further, we analyzed CD4+CD45RA− T cell and CD8+ T/lymphocyte (%) with patient basic information, separately. The results showed that CD8+ T/lymphocytes (%) were well matched for all basic information, whereas CD4+CD45RA− T cells were matched for gender, age, pathology type, combination of chemotherapy, smoking history, alcohol consumption history, and ECOG PS score but had strong relevance with lines of ICIs usage (p = 0.003) (Table 4). The count of CD4+CD45RA− T cell was higher in the first-line treatment than in the second line and beyond (P < 0.001) (Figure S3).


Table 4 | Basic information matching analysis.



In the population of first-line treatment, there was no remarkable difference in CD4+CD45RA− T cell between the benefit and non-benefit groups (P = 0.154) (Figure 3A). ROC curves showed that CD4+CD45RA− T-cell count was not an ideal biomarker (AUC = 0.585) (Figure 3B). Kaplan–Meier survival curves also indicated no significant prognostic difference between the high CD4+CD45RA− T-cell group and the low CD4+CD45RA− T-cell group (P = 0.828) (Figure 3C). These findings differ dramatically from those of total population. Therefore, we considered whether the survival benefit in the high CD4+CD45RA− T-cell group was more likely to originate from the second-line and beyond population. In this subgroup, CD4+CD45RA− T-cell count was significantly higher in the benefit group than in the non-benefit group (P = 0.006) (Figure 3D). The AUC was 0.713, at the threshold of CD4+CD45RA− T cell >339.9 × 106/L, the sensitivity was 51.6%, and the specificity was 84.6% (Figure 3E). The high CD4+CD45RA− T-cell group exhibited a notable PFS benefit (median PFS: undefined) compared with the low CD4+CD45RA− T-cell group (median PFS: 5.2 months), P = 0.003 (Figure 3F).




Figure 3 | Subgroup analysis of different treatment lines. (A) Differences of CD4+CD45RA− T cell between benefit group and non-benefit group in the first-line patients. (B) ROC curve of CD4+CD45RA− T cell in the first-line patients. (C) Kaplan–Meier survival curve of different levels of CD4+CD45RA− T cell in the first-line patients. (D) Differences of CD4+CD45RA− T cell between the benefit group and the non-benefit group in the second-line and beyond patients. (E) ROC curve of CD4+CD45RA− T cell in the second-line and beyond patients. (F) Kaplan–Meier survival curve of different levels of CD4+CD45RA− T cell in the second-line and beyond patients.





Correlation of Lymphocyte Subsets With irAEs

In addition, we explored the correlation between peripheral blood lymphocyte subsets and all kinds of irAEs (Figure S4). We found that baseline counts of total lymphocytes, T cell, CD4+ T cell, and various CD4+ T-cell subsets (CD4+CD45RA− T cell, CD4+CD45RA+ T cell, and CD4+CD28+ T cell) were higher in the mild (grades 1–2) irAEs group than in the non-irAEs group. However, the expression of these lymphocyte subsets in the severe (grades 3–4) irAEs group remained at a low level, similar to that in the non-irAEs group. CD8+CD38+ T cells were the only cell subset that showed statistical differences in the populations of severe irAEs and non-irAEs. Logistic regression analysis showed that the total T cells and CD8+CD38+ T cells were strongly associated with the development of irAEs, whereas CD4+ T-cell subsets did not show statistical contributions to irAEs. In addition, CD8+CD38+ T cells were also associated with the development of severe irAEs, P = 0.05 (Table 5). However, the ROC curve constructed with CD8+CD38+ T predicting the occurrence of severe irAEs had an AUC of only 0.535, which was not suitable to be a predictive biomarker (Figure S5).


Table 5 | Logistic regression of irAEs.






Discussion

Currently, biomarkers for predicting the efficacy of ICIs mainly include PD-L1, tumor mutational burden (TMB), microsatellite instability (MSI), and gene expression profile of tumor-infiltrating lymphocytes (TILs) (11). In the field of NSCLC, PD-L1 is currently the only biomarker approved by the Food and Drug Administration (FDA) (12). However, its credibility remains to be controversial. In addition, mainstream biomarkers are based on the acquisition of tumor tissues. No relevant peripheral blood biomarkers have been approved by the FDA, European Medicines Agency (EMA), and Pharmaceuticals and Medical Devices Agency (PMDA)  (13, 14). However, the accessibility of tissue is limited, especially for patients of second line and beyond. Therefore, peripheral blood lymphocyte may be a promising non-invasive biomarker for patients treated with ICIs.

In this study, we explored the predictive effect of peripheral blood lymphocyte subsets on the efficacy of ICIs. We found that CD4+CD45RA− T cells and CD8+ T/lymphocytes (%) were associated with the prognosis of patients with NSCLC treated with ICIs. Low CD4+CD45RA− T cell was associated with poor prognosis, whereas low CD8+ T/lymphocyte (%) represented better prognosis. In the further subgroup analysis of the ICIs monotherapy population, we observed that only CD4+CD45RA− T cell reflected the efficacy of ICIs, whereas CD8+ T/lymphocyte (%) merely correlated with the prognosis. In addition, we explored the correlation between lymphocyte subsets and irAEs. The results showed that CD4+ T-cell subsets were higher in the mild-irAEs group than in the non-irAEs group but did not contribute significantly in logistic regression. CD8+CD38+ T cell was associated with irAEs and severe irAEs but was not suitable as a predictive marker.

After activation by specific antigens, T cell would form two subtypes that differ in function, called effector T cell and memory T cell. Memory T cell, after secondary activated by antigen, would infiltrate into tumor tissue and express perforin to induce tumor cells apoptosis (15). CD45RA, one of the surface features of initial T cell, is expressed by initial T cell in the thymus and would disappear after antigen stimulation (16). It means that CD45RA− is the characteristic of memory T cell. CD62L, the characteristic of peripheral memory T cell, is expressed by central memory T cell but peripheral memory T cell (17). Kagamu et al. concluded that CD4+CD62L− T cell presented in higher baseline counts in the responders to ICIs. In addition, patients who maintained high levels of CD62L−CD4+ T cell had a prolonged survival, compared with those patients whose CD62L−CD4+ T-cell counts decreased after ICI therapy (18). Similar conclusion was obtained by Zuazo et al. that patients with large amounts of highly differentiated (CD27−CD28−) CD4+ T cell responded well to ICI therapy. ROC curves constructed with it were of good predictive value for the efficacy of ICIs (AUC = 0.85) (19). The above two studies demonstrated from two perspectives of peripheral memory T cell and highly differentiated T cell, respectively. We reaffirmed this idea from the third perspective that baseline memory CD4+ T cell (central and peripheral) can reflect the efficacy of ICIs. In the subgroup of ICIs monotherapy patients, the ROC curve of CD45RA−CD4+ T cell had an AUC of 0.854, which was in favorable consistency with the study of Zuazo et al.

With the widespread application of ICIs in multiple tumor types, the indications approved have been gradually pushed to the first line from the second line and beyond (20). However, it remains to be unclear whether the application of ICIs in the first line brings better overall survival (OS) benefit. Chemotherapy and other anti-neoplastic therapy would cause myelosuppression, which include the depression of lymphocytes (21). We found that not only total lymphocyte counts but also CD4+CD45RA− T-cell counts were significantly lower in the second line and beyond patients. We speculated that the efficacy of ICIs in the second line and beyond would be affected by the previous treatments as and CD4+CD45RA− T-cell counts. The results demonstrated that the correlation between CD4+CD45RA− T cell and patients’ prognosis after ICIs was significantly higher in the second line and beyond (P = 0.006) than in the first line (P = 0.154). Therefore, the application of ICIs in the first-line therapy may help to better activate immune cells for anti-tumor efficacy.

Increased density of CD8+ TILs is an indicator of favorable prognosis for ICI treatment (22). Kamphorst et al. showed that patients with high levels of CD8+ T cell at baseline were strongly associated with OS benefit after receiving nivolumab (23). However, our study found no correlation between the absolute value of baseline CD8+ T cell and the prognosis of NSCLC. Notably, lower proportions of baseline CD8+ T/lymphocyte (%) were associated with better prognosis but did not affect the efficacy of ICIs. We hypothesized that patients responding well to treatment hold more CTL infiltrated into the tumor tissue. Therefore, less proportion of CD8+ T cell can be detected in peripheral blood. In addition to baseline expression status, early expansion of peripheral blood PD-1+CD8+ T cell may also correlate with anti-PD-1 inhibitors clinical efficacy (23). PD-1 inhibitors can interfere the PD-1 signaling and depress the upregulation of CBL-b ubiquitin ligase, thus boosting the proliferation of CD8+ T cell (24). PD-1 expressing peripheral blood CD8+ T cell, who possess highly similar TCR clones to TIL, had the ability to be activated by tumor cells and kill them (25, 26). We also explored the correlation between the changes of peripheral blood CD8+ T cell before and after ICI treatment. However, we did not find any correlation between the changes in CD8+ T cell and the prognosis. This may be explained by the fact that PD-1+ T cell represent only a small proportion of overall peripheral blood CD8+ T cell, whereas the proliferative burst of CD8+ T cell after PD-1 blockade was almost exclusively derived from the PD-1+CD8+ T-cell subset (27, 28).

The correlation between lymphocyte subsets and irAEs was also a research focus. Chaput et al. suggested that high levels of CD4+ T cell at baseline may predict a higher incidence of immune-associated colitis (29). Subudhi et al. found that high levels of CD8+ T cell may indicate an increased risk of irAEs (30). However, all of these findings suffered from small sample sizes and poor rigor. Our exploratory analysis results showed that patients who developed mild irAEs had higher levels of baseline CD4+ T cell and various CD4+ T cell subsets. In addition, the population of mild irAEs was highly overlapped with the population who obtained survival benefit. It validated the high correlation between the occurrence of irAEs and the efficacy of ICIs (31). In contrast to patients with mild irAEs, CD4+ T-cell levels in patients with severe irAEs, surprisingly, did not increase further but decreased to the level of non-irAE patients. The currently available mechanisms of irAEs include off-target of ICIs, cross-antigen reactions of T cells, and injury mediated by autoantibodies or cytokine (32). We ventured the hypothesis that severe irAEs and mild irAEs are mediated by two separate mechanisms, which needs to be explored and verified by further studies. Among all lymphocyte subsets we analyzed, only CD8+CD38+ T cell was positively correlated with the severity of irAEs. However, it did not show good predictive efficacy for severe irAEs.

This study was a retrospective research and inevitably existed with some deficiencies. First, the basic information of patients could not be well matched. For example, there was a significant correlation between the counts of CD4+CD45RA− T cell and treatment lines. Although we tried to minimize them by performing subgroup analyses, they could not be completely eliminated. Second, the number of patients was insufficient, especially after performing the subgroup analyses. For instance, the immune monotherapy subgroup only contained 32 patients. Third, prolonging OS is the fundamental of oncology treatment. However, because of the lack of patients’ OS data, we evaluated the survival benefit only by ORR and PFS. In the future, a prospective study with large sample size is needed to further explore whether lymphocyte subsets can serve as the biomarker to predict the survival benefit and irAEs of ICI therapy.

Overall, NSCLC has entered the era of immunotherapy, but current biomarkers to predict patient response to ICIs are limited. Peripheral blood biomarkers provide a convenient, rapid, and non-invasive method for clinical diagnosis and disease prognosis. We propose that baseline peripheral blood CD4+CD45RA− T-cell counts can be used as a biomarker for predicting the efficacy of ICIs, especially for the second line and beyond patients, whose tumor tissue acquisition is difficult. In addition, CD8+CD38+ T cell may be suggestive for the predicting the occurrence of irAEs. This study will pave the way for further prospective studies to use peripheral blood lymphocyte subsets as a non-invasive biomarker basis for ICI treatment in patients with NSCLC.
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