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Currently, there is no sensitive prognostic biomarker to screen out benefit patients from the non-benefit population in advanced non-small cell lung cancer patients (aNSCLCs). The 435 aNSCLCs and 278 normal controls (NCs) were recruited. The percentages and absolute counts (AC) of circulating naïve and memory T lymphocytes of CD4+ and CD8+ T cells (Tn/Tm) were measured by flow cytometry. The percentage of CD4+ naïve T (Tn), CD8+ Tn, CD8+ T memory stem cell (Tscm), and CD8+ terminal effector T cell decreased obviously. Still, all AC of Tn/Tm of aNSCLCs was significantly lower compared to NCs. Higher AC and percentage of CD4+ Tn, CD8+ Tn, and CD4+ Tscm showed markedly longer median PFS in aNSCLCs. Statistics demonstrated the AC of CD4+ Tn (≥ 3.7 cells/μL) was an independent protective factor for PFS. The analysis of the prognosis of immunotherapy showed the higher AC and percentage of CD4+ Tn and CD4+ Tscm and higher AC of CD8+ Tscm had significantly longer median PFS and the AC of CD4+ Tn (≥ 5.5 cells/μL) was an independent protective factor for PFS. Moreover, higher AC and percentages of Tn/Tm suggested higher disease control rate and lower progressive disease rate. The AC of Tn/Tm showed more regular patterns of impairment and was more relative with the disease progression than percentages in aNSCLCs. AC had a better predictive value than percentages in Tn/Tm for PFS. Notably, the AC of CD4+ Tn was a potential prognostic biomarker for the PFS and efficacy of immunotherapy.
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Introduction

With the high incidence of cancer, the search for new oncology treatment strategies has become a challenging goal for researchers (1, 2). Now, the breakthrough advance is the programmed cell death protein 1 (PD-1)/programmed cell death-ligand 1 (PD-L1) monoclonal antibody, which is used in first-line immune checkpoint inhibitors (ICIs) in lung cancer (3–5). Histological detection of PD-L1 can guide treatment with anti-PD-1/PD-L1 antibodies. But PD-L1 is heterogeneous and unstable in tumors, and approximately 20% of PD-L1-negative patients still benefit from PD-1/PD-L1 antibody therapy (6). PD-L1 is not an ideal biomarker as some patients with low levels of PD-L1 expression respond to immunotherapy while others with high levels of PD-L1 expression do not, presenting a clinical challenge for patient stratification (7, 8). Some studies showed that high expression of tumor mutational burden (TMB) is associated with improved overall survival in patients with non-small-cell lung cancer (NSCLC) (9, 10). But others studies showed that high expression of TMB in patients with NSCLC is not associated with a prognosis of overall survival (11, 12). Valero C, et al. analyzed 10,233 patients (80% not treated with ICIs, 20% treated with ICIs) with 17 cancer types, before/without ICIs, or after ICIs. In non-ICIs-treated patients, higher TMB (higher percentile within cancer type) was not associated with better prognosis; in fact, in many cancer types, higher TMB was associated with poorer survival, in contrast to ICIs-treated patients, in whom higher TMB was associated with longer survival (13). These biomarkers suffer several well-known limitations, including result variability related to technical issues (14), the need for tumor biopsy tissue (15), and the lack of host immune status evaluation. The occurrence of high TMB does not always correspond to the response to ICIs (16). In an immunotherapy study for advanced NSCLC (aNSCLC), the objective response rate (ORR) for patients with high TMB and high PD-L1 expression was 62.5%, compared to 43.9% for patients with high TMB and low PD-L1 expression and 27.3% for patients with low TMB and high PD-L1 expression (17). However, PD-L1 and TMB expression did not allow assessment of the overall immune status of patients. In addition to intrinsic tumor resistance mechanisms, other reasons for this discrepancy may be directly related to the “quality” of the neoantigen, which activates naïve T cells (Tn) by Dendritic cells (DC) to generate eventual T helper cells (Th) cells and cytotoxic T lymphocytes (CTL) in response to the tumor (18). For patients with aNSCLC, immunotherapy alone or combined with chemotherapy (19) is currently the dominant mode of most clinal treatment (20). Nevertheless, recent advances showed immunotherapy combined with targeted therapy or radiotherapy did not increase the response in patients with PD-L1-positive in NSCLC (21, 22). Therefore, finding easily detectable and accurately prognostic biomarkers to guide immunotherapy is essential. Anti-PD-1/PD-L1 antibodies act by reliving immune suppression, activating immune cells to attack and destroy cancer cells (23). Several biomarkers had studied as potential candidates (24). Studies have shown promising results using absolute counts (AC) of lymphocytes in peripheral blood as a biomarker for patients with advanced NSCLC (aNSCLCs) (25, 26). In addition, CD4+ Th play a pivotal role in the immune system due to performing multiple functions (27, 28). The percentages of lymphocyte subsets (CD4+, CD8+ T cells, B and NK cells) could serve as predictive biomarkers of immunotherapy efficacy and progression-free survival (PFS) in NSCLC, but it did not analyze the AC of lymphocyte subsets (29). A study reported that CD8+PD-1+ to CD4+PD-1+ ratio in peripheral blood is a prognostic indicator for aNSCLCs post ICIs (30). Different memory CD4+ T cell subsets arise from the initial immune response of antigen-specific CD4+ Tn (31). Baseline CD4+ memory stem T cells (Tscm) in peripheral blood were associated with early screening and adjuvant diagnosis of colorectal cancer (32). The persistence of long-lived memory CD8+ T cells was due to their ability for clonal expansion and cytotoxicity (33–35). Our previous study found that the AC, not the percentage of lymphocyte subsets in peripheral blood of patients with NSCLC was significantly decreased compared to healthy adults. Moreover, AC is more regular than the percentage of lymphocyte subsets. There was a positive correlation between AC of CD4+ T cells and the PFS of patients (36). However, T lymphocyte subsets are heterogeneous populations, which can further divide into naive and memory T cells with different functions. Therefore, we hypothesized that the key to prolonging the survival of aNSCLCs with immunotherapy is the AC of T lymphocyte subsets.

Thus, we infer that the AC and percentages of circulating naïve and memory T lymphocytes of CD4+ and CD8+ T cells (Tn/Tm) could guide the clinical treatment of aNSCLCs. Hence, we explored the potential of Tn/Tm as a predictive biomarker of response to immunotherapy.



Materials and methods


Study design and patients

A total of 435 aNSCLCs and 278 normal controls (NCs) had recruited from the First Teaching Hospital of Tianjin University of Traditional Chinese Medicine and National Clinical Research Center for Chinese Medicine Acupuncture and Moxibustion, including 92 patients who received immunotherapy. All subjects were given informed consent under the Declaration of Helsinki. The clinical trial had approved by the Clinical Research Ethics Committee of the First Teaching Hospital of Tianjin University of Traditional Chinese Medicine (TYLL2021[K] 001). The inclusion criteria of aNSCLCs must meet: 1. had evidence of a pathological and immunohistochemical diagnosis, according to Response Evaluation Criteria in Solid Tumors (RECIST; version 1.1); 2. were the absence of other malignant tumors; 3. had complete clinical and laboratory data; 4. were at least 18 years old; 5. had absence of severe cardiac, hepatic, renal, cerebral, hematopoietic and immune system disease; 6. had an Eastern Cooperative Oncology Group performance score. Exclusion criteria included an undetermined NSCLC diagnosis or NSCLC with stage I or II, other malignant tumors, or incomplete clinical and laboratory data. All inspections of the NCs enrolled were normal, including physical examination, routine blood cell testing, liver function, renal function, and blood glucose (8, 21, 30).

A total of 435 NSCLC patients with stages III and IV enrolled in the trial after screening between February 1, 2021, and March 1, 2022. Durvalumab was administered intravenously at a fixed dose of 1500 mg every four weeks for up to 4 sessions. Patients with aNCSLC stage III received Durvalumab combined with chemotherapy (concurrent or sequential chemotherapy). Patients with aNCSLC stage IV received Durvalumab monotherapy or Durvalumab in combination with chemotherapy (adenocarcinoma: pemetrexed in combination with carboplatin; squamous carcinoma: albumin paclitaxel in combination with carboplatin) (8).Treatment had discontinued if severe immune-related adverse events or disease progressive, or the patient or investigator decided to terminate treatment. A flow diagram of the subjects and analysis procedures for this study showed in Figure 1. The Tn/Tm assay had performed using flow cytometry (BD FACS Canto II: U6573380-00541, USA) with a lyse/no-wash procedure based on a single-platform technique. The known number of fluorescently labelled beads in BD Trucount tubes was the internal reference for absolute count assay.




Figure 1 | The flow chart of patient inclusion and analysis procedures in the study.



The primary endpoint of the outcome was PFS. The second endpoints were complete response (CR), partial response (PR), stable disease (SD), and progressive disease (PD). The disease control rate (DCR) was the sum of the PR and SD rates. The differences in AC and percentages of Tn/Tm between aNSCLCs and NCs compared. In 435 aNSCLCs and 92 aNSCLCs treated with immunotherapy, PFS was compared between two groups based on the cut-off point. The baseline characteristics of patients were shown in Table 1. The 278 NCs included 175 males and 103 females with a median age of 67 years (range, 40-80). There were no significant differences between the aNSCLCs cohort and the NCs cohort in gender and age (P > 0.05).


Table 1 | The baseline characteristics of aNSCLCs.





Tn/Tm assay by flow cytometry

The percentages and AC of the Tn/Tm assay were performed by the single platform technique using the ten-color flow cytometer (BD FACS Canto plus: U6573380-00541) (37). The reagents include APC-H7 Mouse Anti-Human CD3 antibody (Catalog NO: 663490), PE-Cy7 Mouse Anti-Human CD4 antibody (Catalog NO: 663493), V500-C Mouse Anti-Human CD45 antibody (Catalog NO: 662912), APC Mouse Anti-Human CD8 antibody (Catalog NO: 663524), BV421 Mouse Anti-Human CD62L antibody (Catalog NO: 563862), PerCP-Cy 5.5 Mouse Anti-Human CD95 antibody (Catalog NO: 561655), PE Mouse Anti-Human CD45RO antibody (Catalog NO: 663530), FITC Mouse Anti-Human CD45RA antibody (Catalog NO: 662840), and BD Lysing Solution (Catalog NO: 349202). The EDTA blood collecting tubes and BD Trucount tubes (Catalog NO: 340334) were also purchased from BD Biosciences, USA. The panel of phenotypic characterization of T cells was identified according to their differentiation status (Figure 2), such as naïve T cells (Tn) (CD45RA+ CD45RO- CD62L+ CD95-), T memory stem cells (Tscm) (CD45RA+ CD45RO- CD62L+ CD95+), central memory T cells (Tcm) (CD45RA- CD45RO+ CD62L+ CD95+), effector memory T cells (Tem) (CD45RA- CD45RO+ CD62L- CD95+), and terminal effector T cells (Tte) (CD45RA+ CD45RO- CD62L- CD95+) (37).




Figure 2 | Gating strategies. Firstly, we gated lymphocytes identified by CD45 from a leukocyte, then gated CD3+ T cells from a lymphocyte, and gated CD4+ and CD8+ T cells from CD3+ T cells. Secondly, we gated Trucont Beads. Thirdly, Tn (CD95-CD45RO-) and Tscm (CD95+CD45RO-) were gated from the CD3+CD4+ CD45RA+CD62L+ T subpopulation. Tcm (CD95+CD45RO+) and Tem (CD95+CD45RO+) subpopulations were gated from CD3+CD4+CD45RA-CD62L+ and CD3+CD4+CD45RA-CD62L- T subsets, respectively. Tte (CD95+CD45RO-) subsets were gated from the CD3+CD4+CD45RA+CD62L- T subpopulation. The gating logic for each subset of CD3+CD8+ T cell is the same as above. Tcm, central memory T cells, Tem, effector memory T cells, Tte, terminal effector T cells.





Sample collection, cellular staining and analyzing

Two milliliters of fresh peripheral blood were collected from all subjects using a BD Vacutainer EDTA blood collection tube. Blood samples were taken from aNSCLCs receiving immunotherapy before treatment. Tn/Tm of peripheral blood were stained and analyzed according to BD operating instruction:

	1. For each sample, the corresponding BD Trucount Tube was labeled separately;

	2. 5 μL each of CD3, CD4, CD8, CD45, CD62L and CD95 antibodies, and 20 μL each of CD45RA and CD45RO reagents were respectively pipetted into the bottom of labeled BD Trucount Tubes, without touching the bead pellet;

	3. Reverse pipetting method was used to drew 50 μL of well-mixed, anticoagulated whole blood into the tube just above the metal retainer;

	4. The tube was capped and gently rotated to mixed the antibody and the sample;

	5. The mixture was placed in the dark and incubated at room temperature between 20°C and 25°C for 15 minutes;

	6. 450 μL of 1 × BD Multitest IMK Kit Lysing Solution was added into the tube, covered the tube and gently shook the tube until the liquid was uniform;

	7. The tube was incubated in the dark at room temperature of 20°C-25°C for 15 minutes;

	8. Samples were analyzed by a ten-color flow cytometer.



A known volume of sample was stained directly in a BD Trucount Tube. The lyophilized pellet in the tube dissolves, releasing a known number of fluorescent beads. During the analysis, the absolute number of positive cells (cells per microliter) in the sample can be determined using BD FACS Canto-specific BD clinical software. This is the formula of AC of cells:

	



Statistical analysis

The comparison between groups was analyzed by non-parametric test. The median values and frequencies of the continuous and categorical variables were calculated. PFS was defined as the duration between the initiation of inclusion and the disease progression or death, whichever occurred first. PFS was calculated by Kaplan-Meier method. Patients who were still alive were reviewed at the last available follow-up. The cut-off point was calculated by ROC curve (38). Univariate and multivariate analyses were used to analyze the factors affecting disease progression. Variables with P< 0.05 in univariate analysis were entered for multivariate analysis. Log-rank test was used for univariate analysis and the proportional hazards regression model (COX model) was used for multivariate analysis. P< 0.05 were considered statistically significant. The data were analyzed by SPSS 25. 0 software and plotted by GraphPad Prism 9. 00 software.




Results


Comparison of Tn/Tm assay between aNSCLCs and normal controls 

To analyze the damage status of Tn/Tm in aNSCLCs, the following comparisons were made. Compared to NCs, the percentage of CD4+ Tn, CD8+ Tn, CD8+ Tscm and CD8+ Tte in the peripheral blood of aNSCLCs decreased obviously (P< 0.001), the percentage of CD4+ Tcm and CD4+ Tem increased apparently (P< 0.05) (Figure 3A). Interestingly, all AC of Tn/Tm of aNSCLCs was significantly lower than NCs (P< 0.001), including CD4+ Tn, CD4+ Tscm, CD4+ Tcm, CD4+ Tem, CD4+ Tte, CD8+ Tn, CD8+ Tscm, CD8+ Tcm, CD8+ Tem and CD8+ Tte (Figure 3B). Compared to NCs, percentage of CD4+ Tn, CD8+ Tn and CD8+ Tte in aNSCLCs with stage III was lower (P< 0.001), and the percentage of CD4+ Tcm was higher (P< 0.001) (Figure 3C), whereas, the AC of CD4+ Tn, CD4+ Tem, CD8+ Tn, CD8+ Tscm, CD8+ Tcm, CD8+ Tem and CD8+ Tte cell was significantly lower (P< 0.05) (Figure 3D). In NSCLCs with stage IV, the percentage of CD4+ Tn, CD8+ Tn, CD8+ Tscm and CD8+ Tte was lower (P< 0.001), the percentage of CD4+ Tcm and CD4+ Tem was higher (P< 0.001) (Figure 3E), however, the AC of ten Tn/Tm subsets was significantly lower than NCs (P< 0.001) (Figure 3F).




Figure 3 | Comparison of Tn/Tm between aNSCLCs and NCs: (A) Comparison of percentages between aNSCLCs and NCs. (B) Comparison of AC between aNSCLCs and NCs. (C) Comparison of percentages between aNSCLCs with stage III and NCs. (D) Comparison of AC between aNSCLCs with  stage III and NCs. (E) Comparison of percentages between aNSCLCs with stage IV and NCs. (F) Comparison of AC between aNSCLCs with stage IV and NCs. ns, no significance.



The above results suggested that AC showed a more regular pattern of impairment and was more relative to the progress of the tumor than percentages of Tn/Tm in aNSCLCs. Besides, the frequencies of CD4+ Tn and CD8+ Tn decreased obviously and were associated with the development of cancer (Table 2).


Table 2 | Cells impairment and prognostic cells in aNSCLCs.





Comparison of Tn/Tm assay between stage III and IV in aNSCLCs

We further analyzed the changes in the Tn/Tm at different stages of aNSCLCs. Compared to NSCLC with stage III, the percentage of CD4+ Tscm, CD8+ Tn and CD8+ Tscm was lower (P< 0.001), and the percentage of CD4+ Tem was higher in NSCLC with stage IV (P = 0.014) (Figure 4A); while the AC of CD4+ Tn, CD4+ Tscm, CD4+ Tcm and CD8+ Tn was significantly lower (P< 0.05) and the AC of CD8+ Tem was higher (P = 0.031) (Figure 4B). This research further analyzed the relationship between the expression levels of Tn/Tm and metastasis (No vs Yes = 49: 386). The results showed the percentage of CD4+ Tscm, CD8+ Tn, and CD8+ Tscm in no metastasis was high than that in metastasis, and the frequency of CD8+ Tem in no metastasis was low than that in metastasis (P< 0.05) (Figure 4C). The AC of CD8+ Tn and CD8+ Tscm was high in no metastasis. The AC of CD8+ Tem was high in metastasis (P< 0.05) (Figure 4D).




Figure 4 | Comparison of Tn/Tm between different stages of aNSCLCs and aNSCLCs with or without metastasis: (A) Comparison of percentages between stages III and IV in aNSCLCs. (B) Comparison of AC between stages III and IV in aNSCLCs. (C) Comparison of percentages of aNSCLCs with or without metastasis. (D) Comparison of AC of aNSCLCs with or without metastasis. ns, no significance.



This result suggests that the AC of Tn/Tm changes more markedly than the percentage as the disease progresses in NSCLC, and the AC of CD4+ Tn and CD8+ Tn showed a decline in change (Table 2). Moreover, it suggested that the percentage and AC of Tn and Tscm of CD8+ correlated more significantly with metastasis.



Prognostic impact of Tn/Tm on PFS

We analyzed the relationship between AC and percentage of Tn/Tm and PFS of aNSCLCs. In Figure 5A (HR 3.142; 95% CI [2.241 to 4.406]; P< 0.0001), Figure 5B (HR 5.038; 95% CI [3.368 to 7.536]; P< 0.0001), Figure 5F (HR 2.181; 95% CI [1.554 to 3.063]; P< 0.0001) and Figure 5G (HR 2.245; 95% CI [1.568 to 3.217]; P< 0.0001), there was significantly longer median PFS for patients with higher percentage and AC of CD4+ Tn (42.4 weeks, 95% CI, 1.715 to 3.543; 42.4 weeks, 95% CI, 2.698 to 5.313) and CD8+ Tn (42.4 weeks, 95% CI, 1.145 to 2.866; 40 weeks, 95% CI, 1.462 to 2.849) compared to lower percentage and AC of CD4+ Tn (17.2 weeks, 95% CI, 0.282 to 0.583;11.2 weeks, 95% CI, 0.188 to 0.371) and CD8+ Tn (20.8 weeks, 95% CI, 0.349 to 0.69; 19.6 weeks, 95% CI, 0.351 to 0.684). High percentage of CD4+ Tscm was associated with better median PFS (34.4 weeks, 95% CI, 1.053 to 2.087 vs 23.2 weeks, 95% CI, 0.479 to 0.949) (HR 1.737; 95% CI [1.244 to 2.427]; P=0.0012) (Figure 5C). High AC of CD4+ Tscm was also associated with longer median PFS (40 weeks, 95% CI, 1.269 to 2.514 vs 22.4 weeks, 95% CI, 0.398 to 0.788) (HR 2.01; 95% CI [1.436 to 2.814]; P< 0.0001) (Figure 5D). The percentage of CD8+ Tscm showed a similarly change to CD4+ Tscm with a higher frequency and a longer median PFS (32.4 weeks, 95%, 0.965 to 1.889 vs 24 weeks, 95% CI, 0.529 to 1.037) (HR 1.572; 95% CI [1.124 to 2.199]; P = 0.0068) (Figure 5H). Contrarily, when the percentage of CD4+ Tem was low, the median PFS was higher (33.2 weeks, 95% CI, 0.984 to 1.945 vs 24 weeks, 95% CI, 0.514 to 1.016) (HR 0.674; 95% CI [0.483 to 0.941]; P = 0.0215) (Figure 5E). The rest of the cells, including Tcm, Tte of CD4+ and CD8+, the AC of CD8+ Tscm and AC of CD4+ Tem cells had no relationship between median PFS and cell amount (Supplementary Figure 1).




Figure 5 | Prognostic impact of Tn/Tm on PFS of aNSCLCs: (A) The percentage of CD4+ Tn on the prognosis of PFS. (B) The AC of CD4+ Tn on the prognosis of PFS. (C) The percentage of CD4+ Tscm on the prognosis of PFS. (D) The AC of CD4+ Tscm on the prognosis of PFS. (E) The percentage of CD4+ Tem on the prognosis of PFS. (F) The percentage of CD8+ Tn on the prognosis of PFS. (G) The AC of CD8+ Tn on the prognosis of PFS. (H) The percentage of CD8+ Tscm on the prognosis of PFS.



Notably, the difference in median PFS for AC of CD4+ Tn (31.2 weeks) was the most apparent, followed by percentage (25.2 weeks) of CD4+ Tn, percentage (21.6 weeks) of CD8+ Tn, and AC (20.4 weeks) of CD8+ Tn. The results suggested that high AC and percentage of Tn were conducive to prolonged PFS in aNSCLCs although the percentage and AC of CD4+ Tscm, percentage of CD4+ Tem, and CD8+ Tscm had prognostic value in PFS of aNSCLCs too (Table 2).



Effect of variables on the PFS of aNSCLCs

Because the result had more subsets of Tn/Tm that affected the PFS of patients, it was necessary to evaluate which peripheral Tn/Tm had the most significant impact on the PFS of aNSCLCs. This study utilized univariate analysis and a Log-rank test to analyze the variables (Table 3). The variables of P< 0.05 were input to multivariate analysis for COX model analysis, and finally, the forest plots had drawn in Figure 6. The high AC of CD4+ Tn was an independent protective factor for PFS (HR 0.260; 95%CI [0.153 to 0.441]; P< 0.001), and liver metastasis (HR 1.815; 95%CI [1.094 to 3.012]; P = 0.021) was independent risk factor for PFS of aNSCLCs.


Table 3 | Univariate analysis on PFS of aNSCLCs.






Figure 6 | The forest plots of factors affected the PFS of aNSCLCs. HR > 1 represented variable was considered a negative factor; HR< 1 indicated variable was considered a positive factor.



The forest plots indicated that only the AC of CD4+ Tn was an independent protective factor for PFS through the AC and percentage of CD4+ and CD8+ Tn, as well as the frequency and AC of CD4+ Tscm, frequency of CD4+ Tem, and CD8+ Tscm, were correlated with PFS in aNSCLCs. Thus, more attention should be paid to the AC of CD4+ Tn.



Prognosis of Tn/Tm on PFS in aNSCLCs received immunotherapy

To evaluate the prognosis of Tn/Tm on PFS in aNSCLCs received immunotherapy, we analyzed the relationship between the baseline of Tn/Tm and PFS (Table 4).


Table 4 | The baseline characteristics of aNSCLCs who received immunotherapy.



When comparing the PFS in patients with PR, SD and PD, PR had the highest median PFS (NE, 95% CI, NE to NE vs 29.2 weeks, 95% CI, NE to NE vs 14 weeks, 95% CI, NE to NE) (P = 0.0002) (Figure 7A). High percentage of CD4+ Tn was associated with longer median PFS (29.2 weeks, 95% CI, 1.162 to 4.212 vs 13.2 weeks, 95% CI, 0.237 to 0.861) (HR 3.591; 95% CI [1.535 to 8.399]; P< 0.0001) (Figure 7B). Patients with high AC of CD4+ Tn had a better median PFS compared with patients with low AC of CD4+ Tn (29.2 weeks, 95% CI, 2.14 to 7.687 vs 7.2 weeks, 95% CI, 0.13 to 0.467) (HR 4.562; 95% CI [2.099 to 9.917]; P< 0.0001) (Figure 7C). High percentage and AC of CD4+ Tscm in aNSCLCs had significantly longer median PFS compared with low percentage and AC of CD4+ Tscm in aNSCLCs (26.8 weeks, 95% CI, 0.902 to 3.446 vs 15.2 weeks, 95% CI, 0.29 to 1.109) (HR 2.239; 95% CI [1.183 to 4.237]; P = 0.0143, Figure 7D) (NE, 95% CI, NE to NE vs 16 weeks, 95% CI, NE to NE) (HR 3.177; 95% CI [1.68 to 6.009]; P = 0.0008, Figure 7E). There was a significant difference in PFS for patients with high or low CD8+ Tscm (26.8 weeks, 95% CI, 0.845 to 3.32 vs 16 weeks, 95% CI, 0.301 to 1.183) (HR 2.56; 95% CI [1.352 to 4.845]; P = 0.0046) (Figure 7F). The Tcm, Tem, Tte of CD4+ and CD8+, the percentage and AC of CD8+ Tn and the percentage of CD8+ Tscm cells had no relationship between PFS and cell amount in aNSCLCs (Supplementary Figure 2).




Figure 7 | Prognostic impact of the baseline of Tn/Tm on PFS of NSCLCs: (A) Prognostic impact of PR, SD, and PD on PFS. (B) Prognostic impact in percentage of CD4+ Tn on PFS. (C) Prognostic impact in AC of CD4+ Tn on PFS. (D) Prognostic impact in percentage of CD4+ Tscm on PFS. (E) Prognostic impact in AC of CD4+ Tscm on PFS. (F) Prognostic impact in AC of CD8+ Tscm on PFS. NE: not estimable.



Overall, this indicated that high AC and percentage of CD4+ Tn and CD4+ Tscm were beneficial in prolonging PFS in aNSCLCs. The AC of CD8+ Tscm had prognostic value for PFS of aNSCLCs.

The high AC of CD4+ Tn, CD4+ Tscm, and CD8+ Tscm and the high percentage of CD4+ Tn and CD4+ Tscm were associated with a better prognosis. We wondered which peripheral Tn/Tm subset was most relevant to the PFS of aNSCLCs who received immunotherapy. To answer this question, we conducted univariate analyses, using the Log-rank test to analyze the variables (Table 5). The variables with P< 0.05 entered into multivariate analysis for COX model analysis to draw forest plots. The results showed the AC of CD4+ Tn ≥ 5.5 cells/μL (HR 0.248; 95% CI [0.079 to 0.775]; P = 0.017) was an independent protective factor in PFS of aNSCLCs who received immunotherapy (Figure 8).


Table 5 | Univariate analysis on PFS of aNSCLCs who received immunotherapy.






Figure 8 | The forest plots of factors affected the PFS of aNSCLCs who received immunotherapy. HR > 1 represented variable was considered a negative factor; HR< 1 indicated variable was considered a positive factor.



Based on analysis above, the percentage and the AC of CD4+ Tn, CD4+ Tscm, CD4+ Tcm, CD4+ Tem, CD4+ Tte, CD8+ Tn, CD8+ Tscm, CD8+ Tcm, CD8+ Tem and CD8+ Tte can be divided into high and low groups according to their cutoff-point (Table 6). In 92 patients, 71 (77%) had a high percentage of CD4+ Tn (≥ 1.8%), of them 18 (25%) were PR, 31 (44%) were SD, 22 (31%) were PD, the disease control rate (DCR) reached 69%, while 21(23%) had a low percentage of CD4+ Tn (< 1.8%), of them 1 (5%) were PR, 3 (14%) were SD, 17 (81%) were PD, the DCR was 19% only. Markedly, the percentage of CD4+ Tn showed a positive correlation to the DCR, the higher percentage of CD4+ Tn (≥ 1.8%) signified a better outcome of immunotherapy, and the lower percentage of CD4+ Tn (< 1.8%) implied poorer curative effect. When the AC of CD4+ Tn was higher than or equal to 5.5 cells/μL, the DCR was 71%, and the PD rate was 29%. On the contrary, the PD rate was 77% higher than the DCR (23%) when the AC of CD4+ Tn was less than 5.5 cells/μL.


Table 6 | Evaluation response of Tn/Tm of aNSCLCs received immunotherapy.



The AC of Tscm, Tcm, and Tem of CD4+ as well as Tn, Tscm, Tcm, and Tte of CD8+ all showed similar characteristics to the AC and percentage of CD4+ Tn. The same applies to the percentage of CD4+ Tcm (Table 6). The higher AC (≥ cutoff-point) had better DCR than the lower AC (< cutoff-point). In other words, the lower AC had a higher PD rate.

Due to a small fraction of higher percentage and AC (≥ cutoff-point) of Tn/Tm showing no better efficacy (Table 6), to explore the cause, we further analyzed the correlation between response of immunotherapy regimes and the AC of CD4+ Tn (Table 7). Here is an analysis relationship between the AC of CD4+ Tn and immunotherapy only. The reason was that multivariate analysis above showed that the AC of CD4+ Tn was the most significant protective factor for PFS of patients (Figures 6, 8). For high AC of CD4+ Tn (≥ 5.5 cells/μL) (n = 66), immunotherapy alone achieved 3 (16%) PR, 5 (18%) SD, 5 (26%) PD; for low AC of CD4+ Tn cell (< 5.5 cells/μL) (n = 26), gained 0 PR, 1 (17%) SD and 4 (20%) PD. Compared to it, immunotherapy conjugate Astragalus polysaccharide (APS) showed better efficacy with PR (5, 26%) and SD (8, 28.5%) increase, PD (3, 16%) drop for high AC of CD4+ Tn (≥ 5.5 cells/μL), meanwhile PR (0), SD (1, 17%) and PD (1, 5%) decrease for low AC of CD4+ Tn (< 5.5 cells/μL). Immunotherapy followed by chemotherapy showed more better efficacy with PR (7, 37%), SD (9, 31.5%) increase, PD (4, 21%) decrease for high AC of CD4+ Tn (≥ 5.5 cells/μL), and SD (2, 33%) increase and PD (4, 20%) steadiness for low AC of CD4+ Tn (< 5.5 cells/μL). Immunotherapy conjugate recombinant human Granulocyte Colony Stimulating Factor (G-CSF) didn’t display better outcomes with PR, SD, and PD drop for high AC of CD4+ Tn (≥ 5.5 cells/μL), and SD and PD decreased too for low AC of CD4+ Tn (< 5.5 cells/μL). Chemotherapy followed by immunotherapy revealed poorer efficacy with PR and SD drop, PD rise for high AC of CD4+ Tn cell (≥ 5.5 cells/μL), simultaneously, PD increase apparently, for low AC of CD4+ Tn cell (< 5.5 cells/μL) (Table 7).


Table 7 | Frequency for response of treatment options in the AC of CD4+ Tn cell in aNSCLCs.



The results indicated the efficacy of immunotherapy conjugate chemotherapy was related to the AC of CD4+ Tn and treatment order. The high AC of CD4+ Tn, and chemotherapy used after immunotherapy predicted a better prognosis, and it was recommended options for the clinic.




Discussion

The T lymphocytes play a crucial role in protecting the body against cancer by recognizing and killing tumor cells (39, 40). T lymphocytes have mainly divided into naïve T cells (Tn) and memory T cells (Tm) based on their function and phenotype (41). Tn is a mature T cell that is resting. Tn performs the immune-surveillance function by recirculating between the blood and secondary lymphoid organs, and Tn responds only to new antigens (42). DC capture tumor antigens and present them through HLA class II or I molecules to CD4+ Tn or CD8+ Tn that can differentiate into Th and memory CD4+ T cells or memory CD8+ T cells, also known as the initial immune response (43). After 90-95% of effector T cells undergo apoptosis, only 5-10% of activated T cells were converted into long-term Tm. These Tm persisted and were involved in maintaining long-term immunity and rapid responses to antigens that had been exposed, also known as memory immune responses (44, 45). Tn and Tscm could self-renew and differentiate into all subsets of memory and effector T cells, which include Tcm, Tem, and Tte (46, 47). Tscm and Tcm undergo a memory immune response and rapidly clonally proliferate to produce Tem and Tte that specifically kill tumor cells (48). Our study showed the AC of Tn/Tn impaired significantly in aNSCLCs, the insufficient numbers of Tn or Tscm and Tcm cannot induce enough initial immune responses and memory immune responses, and cannot recognize and kill tumor cells, which may explain the development of refractory tumors. Hence, different T lymphocytes coordinate with each other and play a crucial role in the anti-tumor immune response (49, 50). Therefore, studying the number and function of Tn and Tm cells is a reference for understanding anti-tumor immunity.

Most studies have focused on the frequency of immune cells in blood or tumor-infiltrating lymphocytes (TILs) and served as biomarkers of prognosis (51–53). Liu C, et al. reported that the percentage of CD4+ Tn and Tm in peripheral blood are prognostic indicators for patients with NSCLC (54–56). However, the “Tn” of these researches was a mixture of Tn and Tscm due to not using CD95 monoclonal antibodies to discriminate Tscm from Tn according to the methods of the papers (57), while Tn and Tscm in our research had distinguished by CD95 monoclonal antibody. The “Tn” in these researches was completely different from the “Tn” of our manuscript. Meanwhile, this researches only analyzed the memory CD4+ and CD8+ T cells but did not fully analyze the subsets of memory cells, including Tscm, Tcm, Tem, and Tte (30, 54–56). More importantly, these studies did not analyze further the prognostic impact of each AC of the Tn/Tm subpopulation on patient survival. Therefore, naïve and memory cells of CD4+ and CD8+ T cells in the research are completely different from our manuscript. Wherever, the impact of AC in the Tn/Tm subpopulation of peripheral blood, which represents the overall immune status, on the prognosis of NSCLC is unclear. Chen DS, et al. indicated that possible reasons for the absence of the T-cell infiltration in the tumor microenvironment (TME) include lack of tumor antigens, defects in antigen-presenting cells (APCs), and lack of T-cell activation (58). Yost KE, et al. reported that the T-cell clones that dominate the T-cell landscape within the tumor after ICB are distinct from that before treatment, a phenomenon referred to by the authors as a clonal substitution (59). More and more evidence indicate that cloning and recruitment of T lymphocytes may be a key to disease progression during immunotherapy (60). It had suggested that the reactivation capacity of TILs was limited, and the type of expansion of T cell clones after immunotherapy had recruited from peripheral sources (59). Deep single-cell sequencing of RNA and T cell receptors in the patient’s peripheral blood, tumor samples, and normal adjacent tissues confirmed the source of clonotypic amplification of TILs. The results indicated that in patients who responded, TILs were replaced by fresh non-depleted T cells from outside the tumor (61). Therefore, TILs in the local TME may be derived from Tn/Tm subsets in the peripheral blood. The immune status of the patient’s TME is crucial in terms of their prognosis. We speculate that the TME combined with the systemic immune status of patients is more relevant for the prognosis of patients and the stratification of patients for immunotherapy. We hypothesized that adequate numbers of Tn/Tm are considerable for maintaining the immune homeostasis in the local TME. It is necessary to determine which AC of Tn/Tm in peripheral blood have closely associated with the prognosis of the tumor. Our previous study showed that AC of CD4+ cells had a predictive value in longer PFS of NSCLC, while the percentages of CD3+, CD4+, CD8+, B, and NK cells were the same as that in NCs, with no difference between the two groups (36). The frequency and AC of T cells reflect two aspects of immune cells: the frequency reflects mainly the development and differentiation of immune cells, while the AC shows the proliferation of immune cells. The state of immune cells requires analysis of both the percentage and AC of cells (62). Studies have shown that the AC of Tn is lower in patients with NSCLC than that in normal subjects (63).

Notably, we focused on Tn/Tm in this study. The percentage and AC of Tn/Tm had severely reduced in aNSCLCs compared to NCs, and the decrease in AC was more regular, especially the AC of CD4+ Tn and CD8+ Tn was associated with the disease stage of the tumor, that is, with the disease progression of aNSCLCs (Figure 3). This result suggested that aNSCLCs lack sufficient numbers of Tn to generate initial immune responses by DC recognizing and intaking new tumor antigens. This condition might cause the recurrence and metastasis of tumor cells (Figure 4). The data indicated that the initial immune response of Tn and proliferation of the T cell in aNSCLCs were severely impaired. And the inability to effectively perform immune surveillance and clearance might lead to the metastasis and progression of NSCLC.

Some studies have shown that immunotherapy conjugate with radiotherapy did not improve the outcome of aNSCLCs (21). We inferred that the ineffectiveness of immunotherapy could be due to the depletion of CD4+ Tn, leading directly to desensitization to new antigens produced by recurrent tumors, which coincides with the significant impairment in AC of Tn in aNSCLCs. Therefore, it may be a crucial factor in the formation of clinically refractory tumors (Figure 6).

Multivariate analysis of all variables of Tn/Tm related to the prognosis of aNSCLCs showed that the AC of CD4+ Tn (≥ cutoff-point) in peripheral blood was an independent protective factor in PFS of aNSCLCs (Figures 6, 8). Immunotherapy acts by indirectly relieving immune suppression of immune cells rather than directly killing tumor cells. These results indicated that the AC of CD4+ Tn is not only a prognostic indicator for aNSCLC but also strongly correlates with the efficacy of immunotherapy. More importantly, the population benefiting from immunotherapy can be screened out from aNSCLCs based on the AC of CD4+ Tn. It is significant to improve efficacy and reduce ineffective immunotherapy in the clinic.

Studies have shown that immunotherapy can promote the differentiation of Th cells and activation of CTLs in responded patients, but that didn’t happen with chemotherapy (64). Analysis of T lymphocyte subsets of peripheral blood in patients with metastatic melanoma after initial immunotherapy showed increased expansion of peripheral T lymphocyte subsets in patients who responded to treatment (65). Considering that immunotherapy strategies are also important factors, we further explored the relationship between the treatment regime and the AC of CD4+ Tn.

For aNSCLC, adequate Tn is a prerequisite for immunotherapy to be effective. Immunotherapy combined with other immune-enhancing therapies can further improve outcomes, such as APS, which can significantly improve the function of humoral immunity and cellular metabolism (66, 67). Chemotherapy can shrink tumors that are sensitive to cytotoxic drugs. However, chemotherapy can cause side effects, such as bone marrow suppression (68–70). In particular, repeated chemotherapy can impair the proliferative function of cells, including the rapidly proliferating hematopoietic stem cells in the bone marrow and Tn, Tscm, and Tcm in the peripheral blood. As a result, immune dysfunction occurs when immune cells do not complete the initial and memory immune responses performed by Tn and Tm. When CD4+ Tn ≥ 5.5 cells/μL, immunotherapy followed by chemotherapy had the highest DCR in our study. Immunotherapy alone also had a higher DCR than chemotherapy followed by immunotherapy. Therefore, the sequence of treatment regimens could affect the prognosis and efficacy of patients. Chemotherapy should be avoided in patients when the AC of Tn is low, which reduces damage to immune cells, and immune-boosting therapy should be used at this time. Different clinical strategies should be used for patients at different clinical stages, depending on the patient’s immune status. In brief, these results suggest that the efficacy of immunotherapy is closely related to the AC of CD4+ Tn.

This study analyzed the impaired Tn/Tm in aNSCLCs, its prognostic value for immunotherapy, and implications for combination treatment strategies. However, the study has some limitations. For example, it lacks further clinical validation in large samples, a multi-center study of CD4+ Tn as a biomarker, and the mechanisms of Tn/Tm impairment.



Conclusion

This study suggested that the percentage and AC of Tn/Tm, especially AC, showed varying degrees of damage in aNSCLC and were associated with tumor progression. The multivariate analysis indicated that only AC of CD4+ Tn was an independent protective factor for PFS in aNSCLCs and a potential marker of efficacy and prognosis in patients receiving immunotherapy. The AC of Tn/Tm test in peripheral blood is simple to perform, cost saving and helps to assess the overall immune status of aNSCLC patients for clinical management. Moreover, our finding suggests that immunotherapy conjugate other therapies such as APS or followed by chemotherapy is of benefit for aNSCLCs.
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Supplementary Figure 1 | Prognostic impact of naïve/memory T lymphocytes on PFS of NSCLCs: (A) The percentage of CD4+ Tcm on the prognosis. (B) The AC of CD4+ Tcm on the prognosis. (C) The AC of CD4+ Tem on the prognosis. (D) The percentage of CD4+ Tte on the prognosis. (E) The AC of CD4+ Tte on the prognosis. (F) The AC of CD8+ Tscm on the prognosis. (G) The percentage of CD8+ Tcm on the prognosis. (H) The AC of CD8+ Tcm on the prognosis. (I) The percentage of CD8+ Tem on the prognosis. (J) The AC of CD8+ Tem on the prognosis. (K) The percentage of CD8+ Tte on the prognosis. (L) The AC of CD8+ Tte on the prognosis.

Supplementary Figure 2 | Prognostic impact of naïve/memory T lymphocytes on PFS of NSCLCs received immunotherapy: (A) The percentage of CD8+ Tscm on the prognosis. (B) The percentage of CD4+ Tcm on the prognosis. (C) The AC of CD4+ Tcm on the prognosis. (D) The percentage of CD4+ Tem on the prognosis. (E)The AC of CD4+ Tem on the prognosis. (F) The percentage of CD4+ Tte on the prognosis. (G) The AC of CD4+ Tte on the prognosis. (H) The percentage of CD8+ Tn on the prognosis. (I) The AC of CD8+ Tn on the prognosis. (J) The percentage of CD8+ Tcm on the prognosis. (K) The AC of CD8+ Tcm on the prognosis. (L) The percentage of CD8+ Tem on the prognosis. (M) The AC of CD8+ Tem on the prognosis. (N) The percentage of CD8+ Tte on the prognosis. (O) The AC of CD8+ Tte on the prognosis.



References

1. Chou, HL, Lin, YH, Liu, W, Wu, CY, Li, RN, Huang, HW, et al. Combination therapy of chloroquine and C(2)-ceramide enhances cytotoxicity in lung cancer h460 and h1299 cells. Cancers (Basel) (2019) 11(3):370. doi: 10.3390/cancers11030370

2. Kim, MJ, Cervantes, C, Jung, YS, Zhang, X, Zhang, J, Lee, SH, et al. PAF remodels the DREAM complex to bypass cell quiescence and promote lung tumorigenesis. Mol Cell (2021) 81:1698–714. doi: 10.1016/j.molcel.2021.02.001

3. Ren, D, Hua, Y, Yu, B, Ye, X, He, Z, Li, C, et al. Predictive biomarkers and mechanisms underlying resistance to PD1/PD-L1 blockade cancer immunotherapy. Mol Cancer (2020) 19:19. doi: 10.1186/s12943-020-1144-6

4. Mansfield, AS, Aubry, MC, Moser, JC, Harrington, SM, Dronca, RS, Park, SS, et al. Temporal and spatial discordance of programmed cell death-ligand 1 expression and lymphocyte tumor infiltration between paired primary lesions and brain metastases in lung cancer. Ann Oncol (2016) 27:1953–8. doi: 10.1093/annonc/mdw289

5. Dong, W, Wu, X, Ma, S, Wang, Y, Nalin, AP, Zhu, Z, et al. The mechanism of anti-PD-L1 antibody efficacy against PD-L1-Negative tumors identifies NK cells expressing PD-L1 as a cytolytic effector. Cancer Discov (2019) 9:1422–37. doi: 10.1158/2159-8290.CD-18-1259

6. Walk, EE, Yohe, SL, Beckman, A, Schade, A, Zutter, MM, Pfeifer, J, et al. The cancer immunotherapy biomarker testing landscape. Arch Pathol Lab Med (2020) 144:706–24. doi: 10.5858/arpa.2018-0584-CP

7. Lee, H, Wang, Y, Xia, W, Chen, C, Rau, K, Ye, L, et al. Removal of n-linked glycosylation enhances PD-L1 detection and predicts anti-PD-1/PD-L1 therapeutic efficacy. Cancer Cell (2019) 36:168–78. doi: 10.1016/j.ccell.2019.06.008

8. Ettinger, DS, Wood, DE, Aisner, DL, Akerley, W, Bauman, JR, Bharat, A, et al. NCCN guidelines insights: Non-small cell lung cancer, version 2.2021. J Natl Compr Canc Netw (2021) 19:254–66. doi: 10.6004/jnccn.2021.0013

9. 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

10. Goodman, AM, Kato, S, Bazhenova, L, Patel, SP, Frampton, GM, Miller, V, et al. Tumor mutational burden as an independent predictor of response to immunotherapy in diverse cancers. Mol Cancer Ther (2017) 16:2598–608. doi: 10.1158/1535-7163.MCT-17-0386

11. Gandara, DR, Paul, SM, Kowanetz, M, Schleifman, E, Zou, W, Li, Y, et al. Blood-based tumor mutational burden as a predictor of clinical benefit in non-small-cell lung cancer patients treated with atezolizumab. Nat Med (2018) 24:1441–8. doi: 10.1038/s41591-018-0134-3

12. Carbone, DP, Reck, M, Paz-Ares, L, Creelan, B, Horn, L, Steins, M, et al. First-line nivolumab in stage IV or recurrent non-Small-Cell lung cancer. N Engl J Med (2017) 376:2415–26. doi: 10.1056/NEJMoa1613493

13. Valero, C, Lee, M, Hoen, D, Wang, J, Nadeem, Z, Patel, N, et al. The association between tumor mutational burden and prognosis is dependent on treatment context. Nat Genet (2021) 53:11–5. doi: 10.1038/s41588-020-00752-4

14. Hirsch, FR, McElhinny, A, Stanforth, D, Ranger-Moore, J, Jansson, M, Kulangara, K, et al. PD-L1 immunohistochemistry assays for lung cancer: Results from phase 1 of the blueprint PD-L1 IHC assay comparison project. J Thorac Oncol (2017) 12:208–22. doi: 10.1016/j.jtho.2016.11.2228

15. Shaverdian, N, Lisberg, AE, Bornazyan, K, Veruttipong, D, Goldman, JW, Formenti, SC, et al. Previous radiotherapy and the clinical activity and toxicity of pembrolizumab in the treatment of non-small-cell lung cancer: A secondary analysis of the KEYNOTE-001 phase 1 trial. Lancet Oncol (2017) 18:895–903. doi: 10.1016/S1470-2045(17)30380-7

16. Hellmann, MD, Paz-Ares, L, Bernabe, CR, Zurawski, B, Kim, SW, Carcereny, CE, et al. Nivolumab plus ipilimumab in advanced non-Small-Cell lung cancer. N Engl J Med (2019) 381:2020–31. doi: 10.1056/NEJMoa1910231

17. Yu, Y, Zeng, D, Ou, Q, Liu, S, Li, A, Chen, Y, et al. Association of survival and immune-related biomarkers with immunotherapy in patients with non-small cell lung cancer: A meta-analysis and individual patient-level analysis. JAMA Netw Open (2019) 2:e196879. doi: 10.1001/jamanetworkopen.2019.6879

18. Blass, E, and Ott, PA. Advances in the development of personalized neoantigen-based therapeutic cancer vaccines. Nat Rev Clin Oncol (2021) 18:215–29. doi: 10.1038/s41571-020-00460-2

19. Socinski, MA, Jotte, RM, Cappuzzo, F, Orlandi, F, Stroyakovskiy, D, Nogami, N, et al. Atezolizumab for first-line treatment of metastatic nonsquamous NSCLC. N Engl J Med (2018) 378:2288–301. doi: 10.1056/NEJMoa1716948

20. Gandhi, L, Rodriguez-Abreu, D, Gadgeel, S, Esteban, E, Felip, E, De Angelis, F, et al. Pembrolizumab plus chemotherapy in metastatic non-Small-Cell lung cancer. N Engl J Med (2018) 378:2078–92. doi: 10.1056/NEJMoa1801005

21. Schoenfeld, JD, Giobbie-Hurder, A, Ranasinghe, S, Kao, KZ, Lako, A, Tsuji, J, et al. Durvalumab plus tremelimumab alone or in combination with low-dose or hypofractionated radiotherapy in metastatic non-small-cell lung cancer refractory to previous PD(L)-1 therapy: An open-label, multicentre, randomised, phase 2 trial. Lancet Oncol (2022) 23:279–91. doi: 10.1016/S1470-2045(21)00658-6

22. Howlader, N, Forjaz, G, Mooradian, MJ, Meza, R, Kong, CY, Cronin, KA, et al. The effect of advances in lung-cancer treatment on population mortality. N Engl J Med (2020) 383:640–9. doi: 10.1056/NEJMoa1916623

23. Yang, Y. Cancer immunotherapy: Harnessing the immune system to battle cancer. J Clin Invest (2015) 125:3335–7. doi: 10.1172/JCI83871

24. Duchemann, B, Remon, J, Naigeon, M, Mezquita, L, Ferrara, R, Cassard, L, et al. Integrating circulating biomarkers in the immune checkpoint inhibitor treatment in lung cancer. Cancers (Basel) (2020) 12(12):3625. doi: 10.3390/cancers12123625

25. Oh, SY, Heo, J, Noh, OK, Chun, M, Cho, O, and Oh, YT. Absolute lymphocyte count in preoperative chemoradiotherapy for rectal cancer: Changes over time and prognostic significance. Technol Cancer Res Treat (2018) 17:1077047713. doi: 10.1177/1533033818780065

26. Huemer, F, Lang, D, Westphal, T, Gampenrieder, SP, Hutarew, G, Weiss, L, et al. Baseline absolute lymphocyte count and ECOG performance score are associated with survival in advanced non-small cell lung cancer undergoing PD-1/PD-L1 blockade. J Clin Med (2019) 8(7):1014. doi: 10.3390/jcm8071014

27. Nakata, Y, Brignier, AC, Jin, S, Shen, Y, Rudnick, SI, Sugita, M, et al. C-myb, menin, GATA-3, and MLL form a dynamic transcription complex that plays a pivotal role in human T helper type 2 cell development. Blood (2010) 116:1280–90. doi: 10.1182/blood-2009-05-223255

28. Marks, BR, Nowyhed, HN, Choi, JY, Poholek, AC, Odegard, JM, Flavell, RA, et al. Thymic self-reactivity selects natural interleukin 17-producing T cells that can regulate peripheral inflammation. Nat Immunol (2009) 10:1125–32. doi: 10.1038/ni.1783

29. Yan, Y, Wang, X, Liu, C, and Jia, J. Association of lymphocyte subsets with efficacy and prognosis of immune checkpoint inhibitor therapy in advanced non-small cell lung carcinoma: A retrospective study. BMC Pulm Med (2022) 22:166. doi: 10.1186/s12890-022-01951-x

30. Duchemann, B, Naigeon, M, Auclin, E, Ferrara, R, Cassard, L, Jouniaux, J, et al. CD8+ PD-1+ to CD4+ PD-1+ ratio (PERLS) is associated with prognosis of patients with advanced NSCLC treated with PD-(L)1 blockers. J Immunother Cancer (2022) 10:e4012. doi: 10.1136/jitc-2021-004012

31. Raphael, I, Joern, RR, and Forsthuber, TG. Memory CD4(+) T cells in immunity and autoimmune diseases. Cells-Basel (2020) 9(3):531. doi: 10.3390/cells9030531

32. Lu, Y, Zhang, Q, and Zhang, L. CD4(+) memory stem t cell in peripheral blood: A promising immune index for early screening and auxiliary diagnosis of colorectal cancer. Front Oncol (2021) 11:701738. doi: 10.3389/fonc.2021.701738

33. Ahrends, T, Busselaar, J, Severson, TM, Babala, N, de Vries, E, Bovens, A, et al. CD4(+) T cell help creates memory CD8(+) T cells with innate and help-independent recall capacities. Nat Commun (2019) 10:5531. doi: 10.1038/s41467-019-13438-1

34. Miller, CH, Klawon, D, Zeng, S, Lee, V, Socci, ND, and Savage, PA. Eomes identifies thymic precursors of self-specific memory-phenotype CD8(+) T cells. Nat Immunol (2020) 21:567–77. doi: 10.1038/s41590-020-0653-1

35. Durand, A, Audemard-Verger, A, Guichard, V, Mattiuz, R, Delpoux, A, Hamon, P, et al. Profiling the lymphoid-resident T cell pool reveals modulation by age and microbiota. Nat Commun (2018) 9:68. doi: 10.1038/s41467-017-02458-4

36. Xia, Y, Li, W, Li, Y, Liu, Y, Ye, S, Liu, A, et al. The clinical value of the changes of peripheral lymphocyte subsets absolute counts in patients with non-small cell lung cancer. Transl Oncol (2020) 13:100849. doi: 10.1016/j.tranon.2020.100849

37. Xia, Y, Liu, A, Li, W, Liu, Y, Zhang, G, Ye, S, et al. Reference range of naïve T and T memory lymphocyte subsets in peripheral blood of healthy adult. Clin Exp Immunol (2021) 207(2):208–17. doi: 10.1093/cei/uxab038

38. Gong, Y, Fan, Z, Luo, G, Huang, Q, Qian, Y, Cheng, H, et al. Absolute counts of peripheral lymphocyte subsets correlate with the progression-free survival and metastatic status of pancreatic neuroendocrine tumour patients. Cancer Manag Res (2020) 12:6727–37. doi: 10.2147/CMAR.S257492

39. Chen, L, Gibbons, DL, Goswami, S, Cortez, MA, Ahn, YH, Byers, LA, et al. Metastasis is regulated via microRNA-200/ZEB1 axis control of tumour cell PD-L1 expression and intratumoral immunosuppression. Nat Commun (2014) 5:5241. doi: 10.1038/ncomms6241

40. Braun, DA, Street, K, Burke, KP, Cookmeyer, DL, Denize, T, Pedersen, CB, et al. Progressive immune dysfunction with advancing disease stage in renal cell carcinoma. Cancer Cell (2021) 39:632–48. doi: 10.1016/j.ccell.2021.02.013

41. Quinn, KM, Fox, A, Harland, KL, Russ, BE, Li, J, Nguyen, T, et al. Age-related decline in primary CD8(+) t cell responses is associated with the development of senescence in virtual memory CD8(+) t cells. Cell Rep (2018) 23:3512–24. doi: 10.1016/j.celrep.2018.05.057

42. Goronzy, JJ, and Weyand, CM. Mechanisms underlying T cell ageing. Nat Rev Immunol (2019) 19:573–83. doi: 10.1038/s41577-019-0180-1

43. Stagg, AJ, Hart, AL, Knight, SC, and Kamm, MA. The dendritic cell: Its role in intestinal inflammation and relationship with gut bacteria. Gut (2003) 52:1522–9. doi: 10.1136/gut.52.10.1522

44. Omilusik, KD, and Goldrath, AW. Remembering to remember: T cell memory maintenance and plasticity. Curr Opin Immunol (2019) 58:89–97. doi: 10.1016/j.coi.2019.04.009

45. Zander, R, Schauder, D, Xin, G, Nguyen, C, Wu, X, Zajac, A, et al. CD4(+) T cell help is required for the formation of a cytolytic CD8(+) T cell subset that protects against chronic infection and cancer. Immunity (2019) 51:1028–42. doi: 10.1016/j.immuni.2019.10.009

46. Azevedo, RI, Soares, MV, Albuquerque, AS, Tendeiro, R, Soares, RS, Martins, M, et al. Long-term immune reconstitution of naive and memory t cell pools after haploidentical hematopoietic stem cell transplantation. Biol Blood Marrow Transpl (2013) 19:703–12. doi: 10.1016/j.bbmt.2013.01.017

47. Yamaguchi, K, Mishima, K, Ohmura, H, Hanamura, F, Ito, M, Nakano, M, et al. Activation of central/effector memory T cells and T-helper 1 polarization in malignant melanoma patients treated with anti-programmed death-1 antibody. Cancer Sci (2018) 109:3032–42. doi: 10.1111/cas.13758

48. Saxena, A, Dagur, PK, and Biancotto, A. Multiparametric flow cytometry analysis of naive, memory, and effector t cells. Methods Mol Biol (2019) 2032:129–40. doi: 10.1007/978-1-4939-9650-6_8

49. Kennedy, R, and Celis, E. Multiple roles for CD4+ T cells in anti-tumor immune responses. Immunol Rev (2008) 222:129–44. doi: 10.1111/j.1600-065X.2008.00616.x

50. Braumuller, H, Wieder, T, Brenner, E, Assmann, S, Hahn, M, Alkhaled, M, et al. T-helper-1-cell cytokines drive cancer into senescence. Nature (2013) 494:361–5. doi: 10.1038/nature11824

51. Hu, M, Eviston, D, Hsu, P, Marino, E, Chidgey, A, Santner-Nanan, B, et al. Decreased maternal serum acetate and impaired fetal thymic and regulatory T cell development in preeclampsia. Nat Commun (2019) 10:3031. doi: 10.1038/s41467-019-10703-1

52. Zhang, Y, Kurupati, R, Liu, L, Zhou, XY, Zhang, G, Hudaihed, A, et al. Enhancing CD8(+) t cell fatty acid catabolism within a metabolically challenging tumor microenvironment increases the efficacy of melanoma immunotherapy. Cancer Cell (2017) 32:377–91. doi: 10.1016/j.ccell.2017.08.004

53. Ruhland, MK, Roberts, EW, Cai, E, Mujal, AM, Marchuk, K, Beppler, C, et al. Visualizing synaptic transfer of tumor antigens among dendritic cells. Cancer Cell (2020) 37:786–99. doi: 10.1016/j.ccell.2020.05.002

54. Lambert, SL, Zhang, C, Guo, C, Turan, T, Masica, DL, Englert, S, et al. Association of baseline and pharmacodynamic biomarkers with outcomes in patients treated with the PD-1 inhibitor budigalimab. J Immunother (2022) 45:167.

55. Xia, L, Wang, H, Sun, M, Yang, Y, Yao, C, He, S, et al. Peripheral CD4(+) T cell signatures in predicting the responses to anti-PD-1/PD-L1 monotherapy for Chinese advanced non-small cell lung cancer. Sci China Life Sci (2021) 64:1590–601. doi: 10.1007/s11427-020-1861-5

56. Liu, C, Xu, B, Li, Q, Li, A, Li, L, Yue, J, et al. Smoking history influences the prognostic value of peripheral naive CD4+ T cells in advanced non-small cell lung cancer. Cancer Cell Int (2019) 19:176. doi: 10.1186/s12935-019-0899-6

57. Gattinoni, L, Speiser, DE, Lichterfeld, M, and Bonini, C. T Memory stem cells in health and disease. Nat Med (2017) 23:18–27. doi: 10.1038/nm.4241

58. Chen, DS, and Mellman, I. Oncology meets immunology: The cancer-immunity cycle. Immunity (2013) 39:1–10. doi: 10.1016/j.immuni.2013.07.012

59. Yost, KE, Satpathy, AT, Wells, DK, Qi, Y, Wang, C, Kageyama, R, et al. Clonal replacement of tumor-specific T cells following PD-1 blockade. Nat Med (2019) 25:1251–9. doi: 10.1038/s41591-019-0522-3

60. Acharya, N, and Anderson, AC. New clones on the block. Immunity (2019) 51:606–8. doi: 10.1016/j.immuni.2019.09.018

61. Wu, TD, Madireddi, S, de Almeida, PE, Banchereau, R, Chen, YJ, Chitre, AS, et al. Peripheral T cell expansion predicts tumour infiltration and clinical response. Nature (2020) 579:274–8. doi: 10.1038/s41586-020-2056-8

62. Kuss, I, Hathaway, B, Ferris, RL, Gooding, W, and Whiteside, TL. Decreased absolute counts of T lymphocyte subsets and their relation to disease in squamous cell carcinoma of the head and neck. Clin Cancer Res (2004) 10:3755–62. doi: 10.1158/1078-0432.CCR-04-0054

63. Manjarrez-Orduno, N, Menard, LC, Kansal, S, Fischer, P, Kakrecha, B, Jiang, C, et al. Circulating t cell subpopulations correlate with immune responses at the tumor site and clinical response to PD1 inhibition in non-small cell lung cancer. Front Immunol (2018) 9:1613. doi: 10.3389/fimmu.2018.01613

64. Griffiths, JI, Wallet, P, Pflieger, LT, Stenehjem, D, Liu, X, Cosgrove, PA, et al. Circulating immune cell phenotype dynamics reflect the strength of tumor-immune cell interactions in patients during immunotherapy. Proc Natl Acad Sci USA (2020) 117:16072–82. doi: 10.1073/pnas.1918937117

65. Valpione, S, Galvani, E, Tweedy, J, Mundra, PA, Banyard, A, Middlehurst, P, et al. Immune-awakening revealed by peripheral T cell dynamics after one cycle of immunotherapy. Nat Cancer (2020) 1:210–21. doi: 10.1038/s43018-019-0022-x

66. Huang, WC, Kuo, KT, Bamodu, OA, Lin, YK, Wang, CH, Lee, KY, et al. Astragalus polysaccharide (PG2) ameliorates cancer symptom clusters, as well as improves quality of life in patients with metastatic disease, through modulation of the inflammatory cascade. Cancers (Basel) (2019) 11(8):1054. doi: 10.3390/cancers11081054

67. Wang, CH, Lin, CY, Chen, JS, Ho, CL, Rau, KM, Tsai, JT, et al. Karnofsky performance status as a predictive factor for cancer-related fatigue treatment with astragalus polysaccharides (PG2) injection-a double blind, multi-center, randomized phase IV study. Cancers (Basel) (2019) 11(2):128. doi: 10.3390/cancers11020128

68. James, ND, Sydes, MR, Clarke, NW, Mason, MD, Dearnaley, DP, Spears, MR, et al. Addition of docetaxel, zoledronic acid, or both to first-line long-term hormone therapy in prostate cancer (STAMPEDE): Survival results from an adaptive, multiarm, multistage, platform randomised controlled trial. Lancet (2016) 387:1163–77. doi: 10.1016/S0140-6736(15)01037-5

69. Abdelfattah, N, Rajamanickam, S, Panneerdoss, S, Timilsina, S, Yadav, P, Onyeagucha, BC, et al. MiR-584-5p potentiates vincristine and radiation response by inducing spindle defects and DNA damage in medulloblastoma. Nat Commun (2018) 9:4541. doi: 10.1038/s41467-018-06808-8

70. Reck, M, Rodriguez-Abreu, D, Robinson, AG, Hui, R, Csoszi, T, Fulop, A, et al. Pembrolizumab versus chemotherapy for PD-L1-Positive non-Small-Cell lung cancer. N Engl J Med (2016) 375:1823–33. doi: 10.1056/NEJMoa1606774



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 Zhang, Liu, Yang, Xia, Li, Liu, Zhang, Cui, Wang, Liu, Guo, Chen and Yu. 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/fimmu-13-996348-g005.jpg
=]

100

100

—— D4 Tn <275% = D" Tn <37 cells/ul

& —— (D4 Tn > 275% o) = (D4  Tn > 37 cells/uL
S 75 S 75
2 Median, 42.4 weeks Z
= 5 = Median, 11.2 weeks
3 DAL LTS8 2 9% C1,0.188 100371)
E 50 5 50
2 Median, 17.2 weeks_ 2 dian, 42
g (95%C1, 0282 10 0.583) £ (95%CI, 2698 to 5.313)
faf. 259 iRr-31n g 26 HR=5.038
195% CI [2.241 to 4.406] 95% CI[3.368 to 7.536]
|Log-rank P <0.0001 Log-rank P <0.0001
0 0
0 8 16 24 32 40 48 56 0 8 16 24 32 40 48 56
Number At Risk Time (weeks) Number At Risk Time (weeks)
<275 200 127 57 2 0 0o 0 0 <37 121 68 29 10 0 0 0 0
=575 228 151 9 51 17 6 10 =37 314 210 18 63 20 s 1 0

(2]
o

100 100

- = (D4 Tsem < 62 cells/pL
— CD#' Tsem < 17.8%

é 75 — D# Tsem > 178% é - CD4" Tsem > 62 cells/yL.
E Median, 34.4 weeks g Median, 40 weeks
= = s
2 50 E 50
2 C1,047910 0.949) [ (95% C1, 0398 0 0.788)
g =3
7 »n
= 257 ir-1ow £ 25
A 95% CI [1.244 0 2.427) P 95% CI[1.436 10 2.814]
Logrank P=0.0012 Logrank P <0.0001
0 L]
0 8 16 24 32 40 48 56 0 8 16 24 32 40 48 56
Number At Risk Time (weeks) Number At Risk Time (weeks)
<178 216 129 72 31 10 0 1 0 < 62 215 122 63 27 6 0 0 0
=178 219 149 75 42 13 S 0 0 = 62 220 156 84 46 17 6 1 0
E F
100 100 "
——  CD4" Tem < 22% =8 Il
® ) S —— D8 Tn > 1%
S S
< 75 < 75 Median, 42.4 weeks
£z = (95% Cl, 145 t0.2.866)
£ 50 weeks 2 50T Vi 208 wetie
E (95%C1, 0514 to 1.016) E (95% Cl1, 034910 0.69)
=3 =3
@ »n
& 259 -0 = 257 -
95% CI [0.483 t0 0.941] 95% CI [1.554 to 3.063]
Logerank P =0.0215 Logrank P <0.0001
0 0
0 8 16 24 32 40 48 56 0 8 16 24 32 40 48 56
Number At Risk Time (weeks) Number At Risk Time (weeks)
<5 22 209 139 68 35 13 4 0 0 <1 207 122 60 24 6 0 0 0
=22 226 139 79 38 10 0 1 0 =1 228 156 87 49 17 8 1 0
G H
100 100
— CD8"Tn <2cells/uL. — CD8" Tsem < 9%
o == (D8 Tn > 2cells/uL A —— (CD8" Tsem > 9%
s 15 S 15
Median, 40 ks
g O G, 1462 102849) E Median, 32.4 wecks
2 = (95% C1, 0.965 to 1.889)
Z 80T ioiian o weda g %0 Median, -
2 (95%C1,0.351 10 0.684) e (95% CI, 0.529 t0 1.037)
S S
E 25 HR=2245 E 25 HR=1.572
a 95% CI [1.568 103217] B 95% CI [1.124 102.199]
Log-rank P < 0.0001 Log-rank P =0.0068
0 ]
0 8 16 24 32 40 48 56 L] 8 16 24 32 40 48 56
Number At Risk Time (weeks) Number At Risk Time (Weeks)
<2 172 96 40 17 4 0 0 0 <9 212 129 65 31 8 1 0

0
0

= % 263 182 107 56 19 8 1 0 = G 2723 149 R 4 15 0 1





OEBPS/Images/fimmu-13-996348-g001.jpg
435 aNSCLCs admitted from Feb. 1st2021 to Mar. 1st 2022 278 Normal Controls

110 325
Stage III Stage IV
92 aNSCLCs received immunotherapy

19 73
Stage I1I Stage IV

Analysis of naive and memory T lymphocytes of CD4" and CD8" T cell in peripheral blood

Statistical analysis

1. Non-parametric test was used to analyze the difference between groups.

2. Kaplan-Meier method was used to calculate the PFS.

3. ROC curve was used to calculate the cut-off points for assessing prognostic impact of

Tn/Tm on PFS.

4. The univariate and multivariate analysis performed by the Log-rank test and COX model

to assess the independent prognostic factors of aNSCLCs.
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